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PROBLEM TO BE SOLVED: To provide a method for 
manufacturing a semiconductor device having miniscule 
contacts with a reliability of wiring which does not cause 
short circuits of wiring or etching stops. 
SOLUTION: An insulating film 20 is formed on a 
semiconductor substrate 10. A first mask layer 21 is 
formed on the insulating film 20. A second mask film 22 
is formed on the first mask film 21. A first contact hole 
is made in the second mask layer 22. A side wall mask 
layer 23a is formed for reducing the diameter of the 
opening of the first contact hole. A second contact hole 
CH2 connected to the first contact hole is made in the 
first mask layer 21 using the second mask layer 22 and 
the side wall mask layer 23a as a mask A second 
contact hole CH2 penetrating the insulating film is made 
by using the first mask layer 21 with a second contact 
hole as a mask. The connected first and second contact 
holes are filled with conductive substance to form a 




wiring layer. 
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CLAIMS 

15 [Claim(s)] 

[Claim 1] The manufacture method of a semiconductor device characterized by 
providing the following. The process which forms an insulator layer on a semiconductor 
substrate. The process which forms the 1 st mask layer on the aforementioned insulator 
layer. The process which forms the 2nd mask layer in the upper layer of the 

20 aforementioned 1st mask layer. The process which carries out opening of the 1st 
contact hole to the aforementioned 2nd mask layer, and the process which forms in the 
wall of the 1st contact hole of the above the sidewall mask layer which narrows the 
diameter of opening of the 1 st contact hole of the above, The process which uses the 
aforementioned 2nd mask layer and the aforementioned sidewall mask layer as a mask, 

25 and carries out opening of the 1 st contact hole of the above, and the 2nd contact hole 
open for free passage to the aforementioned 1 st mask layer, The process which carries 
out opening of the 2nd contact hole to which the 2nd contact hole of the above uses as 
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a mask the 1st mask layer by which opening was carried out, and penetrates the 
aforementioned insulator layer, and the process which embeds the 1st contact hole of 
the above which carries out a free passage, and the 2nd contact hole by the conductor, 
and forms a wiring layer 

[Claim 2] The manufacture method of a semiconductor device according to claim 1 that 
the process which carries out opening of the 2nd contact hole to the aforementioned 
1st mask layer is a process at which the aforementioned 1st mask layer is penetrated 
and the aforementioned insulator layer is exposed. 

[Claim 3] The manufacture method of the semiconductor device according to claim 1 
which is the process to which the process which carries out opening of the 2nd contact 
hole to the aforementioned 1st mask layer carries out opening of the 2nd contact hole 
which penetrates the aforementioned 1st mask layer and reaches above the 
aforementioned insulator layer. 

[Claim 4] The manufacture method of a semiconductor device according to claim 1 that 
the process which carries out opening of the 2nd contact hole which uses the 
aforementioned 1st mask layer as a mask, and penetrates the aforementioned insulator 
layer is a process which removes the aforementioned 2nd mask layer and the 
aforementioned sidewall mask layer simultaneously. 

[Claim 5] The manufacture method of a semiconductor device according to claim 1 of 
having the process which removes the aforementioned 2nd mask layer and the 
aforementioned sidewall mask layer between the process which carries out opening of 
the 2nd contact hole to the aforementioned 1st mask layer, and the process which 
carries out opening of the 2nd contact hole which uses the aforementioned 1st mask 
layer as a mask, and penetrates the aforementioned insulator layer. 
[Claim 6] The manufacture method of the semiconductor device according to claim 1 
which forms the aforementioned 1st mask layer with the material which can take the 
aforementioned insulator layer and etch selectivity. 



[Claim 7] The manufacture method of the semiconductor device according to claim 1 
which forms the aforementioned 2nd mask layer and a sidewall mask layer with the 
material which can take the aforementioned 1 st mask layer and etch selectivity. 
[Claim 8] The manufacture method of the semiconductor device according to claim 7 
5 which forms the aforementioned 1 st mask layer with contest polysilicon, and forms the 
aforementioned 2nd mask layer and a sidewall mask layer by the silicon oxide or the 
silicon nitride. 

[Claim 9] The manufacture method of the semiconductor device according to claim 7 
which forms the aforementioned 1st mask layer by the silicon nitride, and forms the 
10 aforementioned 2nd mask layer and a sidewall mask layer by contest polysilicon or the 
silicon oxide. 

[Claim 10] The manufacture method of the semiconductor device according to claim 1 
which is the process of the opening process of the 1 st contact hole of the above, and 
the opening process of the 2nd contact hole in which one of processes carries out 
15 opening by the pfasma etching of low voltage high density at least. 

[Claim 11] The manufacture method of a semiconductor device according to claim 10 
that the plasma etching of the aforementioned low voltage high density is the plasma 
etching of either an efficient consumer response type, an ICP type or a helicon wave 
plasma type. 

20 [Claim 1 2] The manufacture method of the semiconductor device formed by material 
characterized by providing the following. The process which forms an insulator layer on 
a semiconductor substrate. The process which forms a mask layer on the 
aforementioned insulator layer. The process which carries out opening of the 1st 
contact hole to the aforementioned mask layer. The process which forms in the wall of 

25 the 1 st contact hole of the above the sidewall mask layer which narrows the diameter 
of opening of the 1st contact hole of the above, The process which carries out opening 
of the 2nd contact hole which uses the aforementioned mask layer and the 
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aforementioned sidewall mask layer as a mask, and penetrates the aforementioned 
insulator layer. The process which embeds the 1st contact hole of the above which 
carries out a free passage, and the 2nd contact hole by the conductor, and forms a 
wiring layer. It has the process which removes the aforementioned mask layer and the 
5 aforementioned sidewall mask layer, and is etch selectivity to the aforementioned wiring 
layer about the aforementioned mask layer and the aforementioned sidewall mask layer. 
[Claim 13] The manufacture method of the semiconductor device according to claim 12 
which forms the aforementioned mask layer and the aforementioned sidewall mask layer 
by the silicon nitride, and forms the aforementioned wiring layer with contest polysilicon. 

10 [Claim 14] The manufacture method of the semiconductor device according to claim 12 
which forms the aforementioned mask layer and the aforementioned sidewall mask layer 
with the material which can take the aforementioned insulator layer and etch selectivity. 
[Claim 1 5] The manufacture method of the semiconductor device according to claim 1 4 
which forms the aforementioned insulator layer by the silicon oxide, forms the 

15 aforementioned mask layer and the aforementioned sidewall mask layer by the silicon 
nitride, and forms the aforementioned wiring layer with contest polysilicon. 
[Claim 1 6] The manufacture method of the semiconductor device according to claim 1 2 
which is the process of the opening process of the 1 st contact hole of the above, and 
the opening process of the 2nd contact hole in which one of processes carries out 

20 opening by the plasma etching of low voltage high density at least. 

[Claim 1 7] The manufacture method of a semiconductor device according to claim 1 6 
that the plasma etching of the aforementioned low voltage high density is the plasma 
etching of either an efficient consumer response type, an ICP type or a helicon wave 
plasma type. 

25 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

5 [The technical field to which invention belongs] this invention relates to the 
manufacture method of a semiconductor device of having detailed contact especially, 
about the manufacture method of a semiconductor device. 
[0002] 

[Description of the Prior Art] High integration of VLSI in recent years progressed to the 

10 next generation in three years, a former generation's reduction-ization 70 percent's was 
performed and the design rule has also realized improvement in the speed of a 
semiconductor device with reductionHzing. This high integration has been attained by 
progress of the ultra-fine processing technology in the manufacturing process of a 
semiconductor device, especially high resolution-ization of optical exposure technology. 

15 It has been attained by highly efficient-ization of an aligner, resist material, and a resist 
process, high resolution-ization of optical exposure technology satisfying the 
dimensional accuracy corresponding to the design rule, and superposition precision. 
[0003] When the optical exposure technology in which pattern size was 1.0-0.5 
micrometers made memory the example, it corresponded to 16MDRAMs from 1MDRAM, 

20 and light which carries out pattern exposure was short-wavelengthHzed by i line 
(365nm) from g line (436nm) as a big change in the meantime. Now, although LSI of 
0.35-micrometer rule which used i line is the main force, with 0.25-micrometer rule, the 
technology exposed using a KrF excimer laser (248.8nm) is developed, and examination 
of mass-production-izing is performed. 

25 [0004] However, in the aligner for 0.25-micrometer mass productions announced 
recently, maintenance of the trend of detailed-izing of a cell size is becoming difficult. 
The shortage of an improvement of dispersion in the alignment of a stepper is the 
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cause* and since dispersion in alignment is large, this is because the design margin of 
alignment must be enlarged. In spite of having reduction-rzed wiring width of face as a 
result, reduction-izing of a cell size Is difficult. Therefore, dew 

[0005] As one of them, the self-adjustment contact (below Self Aligned Contact; SAC, 
5 abbreviation) technology which can make unnecessary the design margin on the mask 
for the alignment of a contact hole process attracts attention. 

[0006] it is in the method of forming SAC which is the technology said to be able to 
make the design margin of this alignment unnecessary partly, and, as for all, what a 
process has the fault which becomes complicated somewhat in is common compared 

10 with the method only using the conventional exposure However, it is thought that the 
adoption is indispensable and various researches will be made about SAC in the future. 
[0007] However. Si 3N4 thin to the method of putting SAC in practical use It is required 
to clear the high etching technology of the degree of difficulty in which etching is 
stopped on a film. Opposite Si 3N4 As a quantity selection-ratio process, although it 

15 changes a little also with electric discharge methods of equipment, CF system 
protective coat is used fundamentally, and it is Si02. How to prevent degradation of an 
etch rate by using high-density plasma is considered. 

[0008] However, it must be said with SAC technology being total and seeing it that 
there are still many technical problems. Then, a sidewall is formed in the contact hole 
20 waJI of the layer used as the mask for carrying out opening of the contact hole which is 
known from the former, and the method of narrowing and carrying out opening of the 
path of a contact hole is tried. 

[0009] The cross section of the semiconductor device manufactured with the 
application of the above-mentioned method is shown in drawing 29 . Elements, such as 
25 an MOS transistor which is not illustrated on the semiconductor substrate 10, are 
formed, and the insulator layer 20 which consists of a silicon oxide is formed in the 
upper layer. Opening of the contact hole which reaches the semiconductor substrate 10 
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is carried out to the insulator layer 20, it embeds in a contact hole, wiring layer 30a is 
embedded, and it has connected with the semiconductor substrate 10. 
[0010] The manufacture method of the above-mentioned semiconductor device is 
explained below. First, as shown in drawing 30 (a), on the semiconductor substrate 10, 
5 elements, such as an MOS transistor which is not illustrated, are formed, after making a 
silicon oxide deposit on the upper layer, carrying out flattening by the reflow or 
etchback and forming an insulator layer 20, contest polysilicon is made to deposit and 
the mask layer 21 is formed; The resist film R1 which carried out patterning to the 
contact hole pattern of 0.4 micrometerphi is formed in the upper layer of the mask layer 
10 21 by the excimer stepper. 

[0011] Next, as shown in drawing 30 (b), RIE (reactive ion etching) etc. is etched and 
the 1st contact hole CHI to which an insulator layer 20 is exposed is formed in the 
mask layer 21. 

[0012] Next, as shown in drawing 30 (c), embed the inside of the 1st contact hole CHI 
15 for contest polysilicon, the mask layer 21 upper surface is made to deposit on the whole 
surface in about lOOnm thickness, and the layer 23 for sidewall masks is formed. 
[0013] Next as shown in drawing 31 (d), RIE etc. performs etchback and sidewall mask 
layer 23a of contest polysilicon is formed. Thereby, the diameter of opening of a 
contact hole can be narrowed to about 0.2 micrometerphi. 
20 [0014] Next, as shown in drawing 31 (e), by using the mask layer 21 and sidewall mask 
layer 23a as a mask, RIE etc. is etched and opening of the 2nd contact hole CH2 to 
which an insulator layer 20 is penetrated and the semiconductor substrate 10 is 
exposed is carried out. By formation of sidewall mask layer 23a. the diameter of opening 
of the 2nd contact hole CH2 can be set to about 0.2micrometerphi. 
25 [0015] Next, as shown in drawing 31 (f), embed the 2nd contact hole CH2, contest 
polysilicon is made to deposit on the whole surface, and the embedding wiring layer 30 
is formed. 
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[0016] Next, the polysilicon contest layer which embeds, for example by etching of RIE 
etc.. carries out etchback of the wiring layer 30, and is in the exterior of a contact hole 
is removed, embedding wiring layer 30a embedded at the contact hole is formed, and it 
results in drawing 29 . 

[0017] According to the above-mentioned method, it differs from the above-mentioned 
SAC. and is opposite Si 3N4. Opening of the detailed contact hole about 0.1-0.2 
micrometer [ of diameters of opening ] phi can be attained by applying the approach 
from the former that new processes, such as quantity selection-ratio conditions, are 
unnecessary, and clear a micro loading effect carefully. 
[0018] 

[Probiem(s) to be Solved by the Invention] However, when opening of the very detailed 
contact hole of 0.1-0.2 micrometerphi is carried out in 0.25-micrometer rule generation 
using this technology. If the aspect ratio of a contact hole carries out opening of the 
2nd contact hole to the equipment which becomes very high with 5-10, and is shown in 
drawing 32 (a) The fall of the dirty rate by the micro loading effect arises, when extreme, 
as shown in drawing 32 (b), the phenomenon in which advance of etching stops in the 
dirty stop ES arises, and poor opening of a contact hole arises. 

[0019] Although etching of the insulator layer 20 which consists of a silicon oxide which 
is opening of the 2nd above-mentioned contact hole advances by the incidence of 
etching ion, depositing the fluorocarison film to Insulator layer 20 front face, in order 
that incidence ion may become unable to be able to reach even at the hole pars 
basilaris ossis occipitalis easily and deposition of a superfluous fluorocarbon film may 
suppress an etching reaction, in the contact hole of a high aspect ratio, generating of a 
micro loading effect or a dirty stop produces it 

[0020] Therefore, if etching which suppressed deposition of a fluorocarbon film is 
performed, although generating of a micro loading effect or a dirty stop can be 
suppressed, when deposition of a fluorocarbon film is suppressed, there is a problem to 
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which the etch selectivity of contest polysilicon to a silicon oxide becomes small. 
Drawing 33 (a) is an enlarged view near [ in front of contact hole opening ] the opening. 
As compared with the fluorocarbon layer FC of the upper layer of the mask layer 21 of 
contest polysilicon, the fluorocarbon layer FC of the upper layer of sidewall mask layer 
5 21a has become that it is easy to ********** since thickness is thin. With advance of 
etching, as shown in drawing 33 (b), the sidewall mask layer and mask layer of contest 
polysilicon **********, the front face retreats, and the diameter of opening of a 
contact hole CH is expanded. The fact that the sidewall mask layer of contest 
polysilicon also has low structure of etch selectivity is cited as this cause. 

10 [0021] Drawing 34 and 35 etch by making the contest selection ratio for polysilicon 
small, and show the configuration of the semiconductor device at the time of carrying 
out opening of the contact hole. As shown in drawing 34 (a), it has wiring layers, such as 
the gate electrodes 31. such as contest polysilicon. in the upper layer of the 
semiconductor substrate 10, and opening of the contact hole is carried out to the 

15 insulator layer 20 of the upper layer. By having made the contest selection ratio for 
polysilicon small, as shown in drawing 34 (b), the front face before etching of the 
sidewall mask layer 21a and the mask layer 21 which were shown by the dotted line in 
drawing will carry out retreat B, a mask layer will be thin-filmHzed. and the diameter of 
opening will be expanded. 

20 [0022] Next, if the inside of the contact hole which carried out opening, and the upper 
layer of a mask layer are made to deposit contest polysilicon on the whole surface, it 
embeds in them and the wiring layer 30 is formed as shown in drawing 35 (c), since the 
diameter of opening of a contact hole is expanded, the inside of a contact hole cannot 
fully be filled, but big depression H will arise [ above the contact hole of the embedding 

25 wiring layer 30 ]. If etchback is performed with such a situation and contest polysilicon 
of the exterior of a contact hole is removed, as shown in drawing 35 (d), depending on 
the case, the plug loss PL will become large, it may ********** to the semiconductor 
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substrate 10 in this etchback. a substrate can be scooped out. X may arise, and 
increase of contact resistance etc. will cause poor contact. Moreover, the diameter of 
opening of a contact hole is expanded, the distance of wiring layers, such as the gate 
electrode 31. and the wiring layer in a contact hole is narrow in Part S. and 
short-circuit of a poor proof pressure or wiring may be caused. 

[0023] Although there is a method of thickening thickness of a mask layer and making 
retreat of the mask layer in opening etching of a contact hole suppress in order to 
solve the above problems, since the aspect ratio of a contact hole becomes still higher 
in this case, there is a possibility of making easy to cause generating of a micro loading 
effect or a dirty stop. Moreover, if thickness of the mask layer of contest polysilicon is 
thickened even when an aspect ratio is the same, the phenomenon which a dirty stop 
tends to produce is reported and thin film-ization of a mask layer is desired also for 
expansion of a margin. 

[0024] It is offering the manufacture method of a semiconductor device which this 
invention's is made in view of the above-mentioned trouble, therefore the purpose of 
this invention forms a sidewail in a contact hole wall, suppresses thin-film-izing of a 
mask layer, and retreat of a sidewali mask layer in the method of narrowing and carrying 
out opening of the diameter of opening of a contact hole, and neither short-circuit of 
wiring nor an etching stop produces of having the detailed contact which secured the 
reliability of wiring. 
[0025] 

[Means for Solving the Problem] In order to attain the . above-mentioned purpose, the 
manufacture method of the semiconductor device of this Invention The process which 
forms an Insulator layer on a semiconductor substrate, and the process which forms the 
1st mask layer on the aforementioned insulator layer. The process which forms the 2nd 
mask layer in the upper layer of the aforementioned 1st mask layer, and the process 
which carries out opening of the 1st contact bole to the aforementioned 2nd mask layer. 
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The process which forms in the wall of the 1st contact hole of the above the sidewall 
mask layer which narrows the diameter of opening of the 1st contact hole of the above, 
The process which uses the aforementioned 2nd mask layer and the aforementioned 
sidewall mask layer as a mask, and carries out opening of the 1st contact hole of the 
5 above, and the 2nd contact hole open for free passage to the aforementioned 1st mask 
layer. It has the process which carries out opening of the 2nd contact hole to which the 
2nd contact hole of the above uses as a mask the 1st mask layer by which opening was 
carried out. and penetrates the aforementioned insulator layer, and the process which 
embeds the 1st contact hole of the above which carries out a free passage, and the 2nd 

10 contact hole by the conductor, and forms a wiring layer. 

[0026] According to the manufacture method of the semiconductor device of the 
above-mentioned this invention, an insulator layer is first formed on a semiconductor 
substrate, the 1st mask layer used as the structure where a selection ratio does not 
have the sidewall mask layer of contest low polysilicon structurally in the upper layer is 

15 formed, and the 2nd mask layer is formed in the upper layer. Next, the 1st contact hole 
is formed in the 2nd mask layer. Next, a sidewall mask layer is formed in the wall of this 
1 St contact hole, and the diameter of opening of the 1 st contact hole is narrowed, the 
[ next, / the sidewall mask layer which narrowed this diameter of opening, and ] 
opening of the 2nd contact hole is carried out to the 1 st mask layer by using 2 mask 

20 layers as a mask Next opening of the 2nd contact hole is carried out to an insulator 
layer by using this 1st mask layer as a mask. In the opening process of the 2nd contact 
hole over this insulator layer, since the 1 st mask layer which is the structure where a 
selection ratio does not have the sidewall mask layer of contest low polysilicon 
structurally is used as the mask, retreat of the shoulder of opening is suppressed and 

25 expansion of the diameter of opening is suppressed, it is hard to cause a poor proof 
pressure, wiring short-circuit, etc. Moreover, it is possible to thin-film-ize the 1st mask 
layer from the mask layer of the conventional method, the aspect ratio of the 2nd 
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contact hole can be made smaller than before, and It is hard to cause poor opening, 
such as a dirty stop. From these things, the eariy diameter of opening can be 
maintained [ be / under / etching / letting it pass / it ]. and opening of the contact hole 
of the detailed simultaneously perpendicular configuration where the unreliable reliability 
of wiring with poor contact hole openings, such as a micro loading effect and an etching 
stop, was secured can be carried out 

[0027] moreover, since retreat of this 1st mask layer is suppressed, even if it 
thin-film-izes thickness of the embedding wiring layer when embedding the 2nd contact 
hole by the conductor rather than the conventional method, the depression of a contact 
hole upper part portion can be made small, the plug loss when carrying out etchback of 
the embedding wiring layer can be suppressed small, and a semiconductor substrate is 
received — it can scoop out — etc. — contact junction can be formed, without causing 
poor contact 

[0028] The manufacture method of the semiconductor device of the above-mentioned 
this invention is a process at which the process which carries out opening of the 2nd 
contact hole to the aforementioned 1st mask layer penetrates the aforementioned 1st 
mask layer, and exposes the aforementioned Insulator layer suitably, or is the process 
to which the process which carries out opening of the 2nd contact hole to the 
aforementioned 1st mask layer carries out opening of the 2nd contact hole which 
penetrates the aforementioned 1st mask layer and reaches above the aforementioned 
insulator layer. Since opening of the contact hole which narrowed the path can be 
carried out to the 1st mask layer and opening of the 2nd contact hole can next be 
carried out to an insulator layer by using this 1st mask layer as a mask, opening of the 
contact hole with the high reliability which suppressed expansion of the diameter of 
opening etc. can be carried out 

[0029] The process which carries out opening of the 2nd contact hole which the 
manufacture method of the semiconductor device of the above-mentioned this 
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invention uses the aforementioned 1st mask layer as a mask suitably, and penetrates 
the aforementioned insulator layer is a process which removes the aforementioned 2nd 
mask layer and the aforementioned sidewall mask layer simultaneously. When the 2nd 
mask layer and a sidewall mask layer carry out opening of the 2nd contact hole to the 
5 1st mask layer, they end the role. Since thin film-ization of a mask layer can be attained 
and is further performed simultaneously with opening of the 2nd contact hole to an 
insulator layer when after opening removes the 2nd contact hole to the 1 st mask layer, 
the number of processes is reducible. 

[0030] The manufacture method of the semiconductor device of the above-mentioned 
10 this invention has suitably the process which removes the aforementioned 2nd mask 
layer and the aforementioned sidewall mask layer between the process which carries 
out opening of the 2nd contact hole to the aforementioned 1st mask layer, and the 
process which carries out opening of the 2nd contact hole which uses the 
aforementioned 1 st mask layer as a mask, and penetrates the aforementioned insulator 
15 layer. When after opening removes the 2nd contact hole to the 1st mask layer, thin 
film-ization of a mask layer can be attained and a micro loading effect etc. can be 
suppressed further. 

[0031] The manufacture method of the semiconductor device of the above-mentioned 
this invention forms the aforementioned 1 st mask layer suitably with the material which 

20 can take the aforementioned insulator layer and etch selectivity. Thereby, retreat of the 
1 st mask layer, expansion of the diameter of opening of a contact hole. etc. in opening 
of the 2nd contact hole to an insulator layer can be suppressed further. 
[0032] The manufacture method of the semiconductor device of the above-mentioned 
this invention forms the aforementioned 2nd mask layer and a sidewall mask layer 

25 suitably with the material which can take the aforementioned 1 st mask layer and etch 
selectivity. It becomes possible to be able to suppress expansion of the diameter of 
opening in opening of the 2nd contact hole to the 1 st mask layer, to leave the 1 st mask 
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layer further by this, and to remove the 2nd mask layer and a sidewall mask layer. For 
that. It Is possible to realize by forming the 1st mask layer with contest polysilicon. and 
forming the 2nd mask layer and a sidewall mask layer by the silicon oxide or the silicon 
nitride, or forming the 1st mask layer by the silicon nitride, and forming the 2nd mask 
layer and a sidewall mask layer by contest polysilicon or the silicon oxide. 
[0033] In order to attain the further above-mentioned purpose, the manufacture method 
of the semiconductor device of this invention The process which forms an insulator 
layer on a semiconductor substrate, and the process which forms a mask layer on the 
aforementioned insulator layer. The process which carries out opening of the 1st 
contact hole to the aforementioned mask layer, and the process which forms in the wall 
of the 1st contact hole of the above the sidewall mask layer which narrows the 
diameter of opening of the 1st contact hole of the above, The process which carries out 
opening of the 2nd contact hole which uses the aforementioned mask layer and the 
aforementioned sidewall mask layer as a mask, and penetrates the aforementioned 
insulator layer. The process which embeds the 1st contact hole of the above which 
carries out a free passage, and the 2nd contact hole by the conductor, and forms a 
wiring layer. It has the process which removes the aforementioned mask layer and the 
aforementioned sidewall mask layer, and the aforementioned mask layer and the 
aforementioned sidewall mask layer are formed by the material which has etch 
selectivity to the aforementioned wiring layer. 

[0034] According to the manufacture method of the semiconductor device of the 
above-mentioned this invention, an insulator layer is first formed on a semiconductor 
substrate, a mask layer is formed in the upper layer, and the 1st contact hole is formed 
in a mask layer. Next, a sidewall mask layer is formed In the wall of this 1st contact hole, 
and the diameter of opening of the 1st contact hole is narrowed. Next, opening of the 
2nd contact hole is carried out to an insulator layer by using as a mask the sidewall 
mask layer and mask layer which narrowed this diameter of opening. Next, embed the 
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inside of the 2nd contact hole and a conductor is made to deposit on the whole surface, 
and after carrying out etchback and removing the conductor of the exterior of a 
contact hole, a mask layer and a sidewall mask layer are removed. Thus, since a mask 
layer and a sidewall mask layer are removed after the etchback of an embedding wiring 
5 layer, if the 1st mask layer is formed by the thickness of the part equivalent to the plug 
loss generated by the etchback of an embedding wiring layer, it is also possible to 
suppress a plug loss and to lose substantially. Since the plug loss is suppressed when 
the contact Junction which this connects stably can be formed and it forms an up 
electrode in the upper layer of an embedding wiring layer, it can form easily. 

10 [0035] Suitably, the manufacture method of the . semiconductor device of the 
above-mentioned this invention forms the aforementioned mask layer and the 
aforementioned sidewall mask layer by the silicon nitride, and forms the aforementioned 
wiring layer with contest polysilicon. Thereby, it shall have etch selectivity for a mask 
layer and a sidewall mask layer to a wiring layer. 

15 [0036] The manufacture method of the semiconductor device of the above-mentioned 
this invention forms the aforementioned mask layer and the aforementioned sidewall 
mask layer suitably with the material which can take the aforementioned insulator layer 
and etch selectivity. It is possible for expansion of the path of opening of the 2nd 
contact hole and retreat of a shoulder to be suppressed by this, to be hard to cause 

20 wiring short-circuit etc., and to thin-film-ize the 1 st mask layer from the mask layer of 
the conventional method. The aspect ratio of the 2nd contact hole can be made smaller 
than before. Poor opening, such as a dirty stop, can be made hard to cause, from these 
things The early diameter of opening can be maintained [ be / under / etching / letting 
it pass / it ], and opening of the contact hole of the detailed simultaneously 

25 perpendicular configuration where the unreliable reliability of wiring with poor contact 
hole openings, such as a micro loading effect and an etching stop, was secured can be 
carried out. Moreover, since retreat of the 1st mask layer is suppressed, even if it 
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thin-film-izes thickness of the embedding wiring layer when embedding the 2nd contact 
hole with contest polysilicon etc. rather than the conventional method, a plug loss when 
the depression of a contact hole upper part portion can be made small and carries out 
etchback can be suppressed small. For that, it is possible to realize by forming an 
5 insulator layer by the silicon oxide, forming a mask layer and a sidewall mask layer by 
the silicon nitride, and forming a wiring layer with contest polysilicon. 
[0037] The manufacture method of the semiconductor device of the above-mentioned 
this invention is a process of the opening process of the 1 st contact hole of the above, 
and the opening process of the 2nd contact hole in which one of processes carries out 

10 opening by the plasma etching of low voltage high density at least suitably. To opening 
of a contact hole, the use of the etching system of low voltage and high-density plasma 
generating which attracts attention also with the plasma treatment equipment of a type 
recently in the viewpoint of high precision control of the diameter of opening or high 
aspect hole opening although it is theoretically possible is conventionally desirable. In 

15 low voltage high-density plasma, induction of the electric field is carried out to 
discharge space, the free electron in plasma is accelerated, by the high-energy electron 
produced as a result, an inert gas is ionized and high-density plasma is acquired. If 
high-density plasma is generated in a low-pressure etching chamber, since the 
probability that ion will collide with other ion and inert-gas particles will become small in 

20 the ion sheath formed near the substrate front face, the rectilinear-propagation nature 
of ion can increase, and since ionization degree is high, the large ratio of an ion pair 
neutral radical can be taken, and the anisotropy of etching can be raised As a source of 
plasma of low voltage high density, an efficient consumer response (Electron Cyclotron 
Resonance) type, an ICR (Inductively Coupled Plasma) type, and a helicon wave plasma 

25 type can be used preferably. 
[0038] 

[Embodiments of the Invention] Below, the gestalt of operation of this invention is 
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explained with reference to a drawing. 

[0039] The cross section of the semiconductor device manufactured by the 
manufacture method of the 1 st operation gestait book operation gestalt is shown in 
drawing 1 . Elements, such as an MOS transistor which is not illustrated on the 
5 semiconductor substrate 10. are formed, and the insulator layer 20 which consists of a 
silicon oxide is formed in the upper layer. Opening of the contact hole which reaches 
the semiconductor substrate 1 0 is carried out to the insulator layer 20, it embeds in a 
contact hole, wiring layer 30a is embedded, and it has connected with the 
semiconductor substrate 1 0. 
10 [0040] This semiconductor device is a semiconductor device which expansion of the 
path of a contact hole is suppressed and has produced neither short-circuit of wiring, 
nor an etching stop and which has the detailed contact which secured the reliability of 
the wiring to a semiconductor substrate which could scoop out and suppressed the ^ 
plug loss. 

15 [0041] Below, the manufacture method of the semiconductor device of this 
above--mentioned operation gestalt is explained. First, on the silicon semiconductor 
substrate 10, as shown in drawing 2 (a), after forming elements, such as a transistor 
which is not illustrated, cover these elements, for example, a silicon oxide is made to 
deposit by ordinary-pressure CVD, flattening is carried out by the refiow or etchback, 

20 and an insulator layer 20 is formed. Next, contest polysilicon is made to deposit on the 
upper layer of ari insulator layer 20 for example, by reduced pressure CVD. and the 1st 
mask layer 21 is formed. Next a silicon oxide is made to deposit on the upper layer of 
the 1st mask layer 21 for example, by reduced pressure CVD, and the 2nd mask layer 
22 is formed. Next a resist film is applied to the upper layer of the 2nd mask layer 22, 

25 for example, patterning is carried out to the opening pattern of the 1st contact hole of 
400nmphi. and the resist film R1 is formed. 

[0042] Next, as shown in drawing 2 (b). it etches by using the resist film R1 as a mask 
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in the etching system of a magnetron method, and opening of the 1st contact hole CHI 
to which the 1st mask layer 21 is exposed is carried out to the 2nd mask layer 22. Next, 
the resist film R1 is removed. 

[0043] Next, as shown in drawing 2 (c), cover the inside of the 2nd mask layer 22 and 
5 the 1st contact hole CHI on the whole surface, a silicon oxide is made to deposit in 
reduced pressure CVD, and the layer 23 for sidewall masks is formed. 
[0044] Next, as shown in drawing 3 (d), etchback of the layer 23 for sidewall masks is 
performed in the etching system of an parallel monotonous method, and sidewall mask 
layer 23a is formed. By formation of sidewall mask layer 23a. the path of a contact hole 

10 can be narrowed for example, to about 200nmphi. 

[0045] Next, as shown in drawing 3 (e), opening of the 2nd contact hole CH2 with an 
open aperture [ phi ] of about 200nm to which it etches by using the 2nd mask layer 22 
and sidewall mask layer 23a as a mask in an efficient consumer response type etching 
system, the 1st mask layer 21 is penetrated, and an insulator layer 20 is exposed is 

15 carried out. 

[0046] Next, as shown in drawing 4 (f). it etches by using as a mask the 1 st mask layer 
21 which has the diameter of opening of about 200nmphi in the etching system of a 
magnetron method, and opening of the 2nd contact hole CH2 to which an insulator layer 
20 is penetrated and the semiconductor substrate 10 is exposed is carried out to an 

20 insulator layer 20. The 2nd mask layer 22 and sidewall mask layer 23a carry out etching 
removal simultaneously with opening etching of the 2nd contact hole CH2 to an 
insulator layer 20. or are removed in advance of opening of the 2nd contact hole CH2. 
[0047] Next, as shown in drawing 4 (g). embed the inside of the 2nd contact hole CH2 
for contest polysilicon by reduced pressure CVD, the 1st mask layer 21 upper surface 

25 is made to deposit on the whole surface, and the embedding wiring layer 30 is formed. 

[0048] Next, etchback is performed, for example on the whole surface in an efficient 
consumer response type etching system, and it is embedded in the 2nd contact hole 
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CH2, and it connects with the semiconductor substrate 10. for example, embedding 
wiring layer 30a which has the path of 200nmphi is formed, and the semiconductor 
device of the structure shown in drawing 1 is formed As a next process, the upper 
wiring is connected to the upper layer of embedding wiring layer 30a, for example, or it 
5 can perform forming a storage node electrode and considering as capacitor structure 
etc. 

[0049] In the opening process of the 2nd contact hole .CH2 to the above-mentioned 
Insulator layer 20 Although the shoulder of opening of a mask layer might retreat, the 
diameter of opening might be expanded, opening in an insulator layer 20 might become a 

10 taper configuration and the distance between the side attachment walls of lower layer 
wiring of a gate electrode etc. and a contact hole might cause narrowing, wiring 
short-circuit, or the poor proof pressure by the conventional method In the 
manufacture method of the semiconductor device of this operation gestalt, since it is 
the structure where a selection ratio does not have the sidewall mask layer of contest 

15 low polysilicon structurally, retreat of the shoulder of opening is suppressed, and the 
1st mask layer 21 cannot cause wiring short-circuit etc. easily. Moreover, it is possible 
to thin-film-ize the 1st mask layer 21 from the mask layer of the conventional method, 
the aspect ratio of the 2nd contact hole CH2 can be made smaller than before, and it is 
hard to cause poor opening, such as a dirty stop. From these things, the early diameter 

20 of opening can be maintained [ be / under / etching / letting it pass / it ], and opening 
of the contact hole of the detailed simultaneously perpendicular configuration where the 
unreliable reliability of wiring with poor contact hole openings, such as a micro loading 
effect and an etching stop, was secured can be carried out. 

[0050] Moreover, since the sidewall mask layer retreated greatly in the process which 
25 carries out opening of the 2nd contact hole by the conventional method, when the 2nd 
contact hole CH2 was embedded with contest polysilicon, the big depression was 
generated into the contact hole upper part portion, it embedded by subsequent 
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etchback the plug loss of a wiring layer became large, ****** to a semiconductor 
substrate arose in the contact hole bottom depending on the case, and poor contact, 
such as increase of contact resistance, might be caused. According to the manufacture 
method of the semiconductor device of this operation form, from retreat of this 1st 
5 mask layer 21 being suppressed Even if it thin-filmHzes thickness of the embedding 
wiring layer 30 when embedding the 2nd contact hole CH2 with contest polysilicon etc. 
rather than the conventional method, the depression of a contact hole upper part 
portion can be made small, the plug loss when carrying out etchback can be suppressed 
small, and a semiconductor substrate is received — it can scoop out — etc. — contact 

10 junction can be formed, without causing poor contact 

[0051] As mentioned above, retreat of the shoulder of a mask layer is suppressed 
according to this operation gestalt, expansion of a contact hole is suppressed, and the 
semiconductor device which has the detailed contact which secured the reliability of 
the wiring to the semiconductor substrate which has produced neither short-circuit of 

15 wiring nor an etching stop which could scoop out and suppressed the ** plug loss can 
be manufactured. 

[0052] Below, the example in this operation form is explained with reference to a 
drawing. 

The cross section of the semiconductor device manufactured by the manufacture 
20 method of example 1 this example is shown in drawing 5 . Elements, such as an MOS 
transistor which is not illustrated on the semiconductor substrate 10, are formed, and 
the insulator layer 20 which consists the upper layer of a silicon oxide is formed. 
Opening of the contact hole which reaches the semiconductor substrate 1 0 is carried 
out to the insulator layer 20, it embeds in a contact hole, wiring layer 30a is embedded, 
25 and it has connected with the semiconductor substrate 10. 

[0053] This semiconductor device is a semiconductor device which expansion of the 
path of a contact hole is suppressed and has produced neither short-circuit of wiring. 
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nor an etching stop and which has the detailed contact which secured the reliability of 
the wiring to a semiconductor substrate which could scoop out and suppressed the 
plug loss. 

[0054] Below, the manufacture method of the semiconductor device of the 
5 above-mentioned this example is explained. First, on the silicon semiconductor 
substrate 10, as shown in drawing 6 (a), after forming elements, such as a transistor 
which is not illustrated, cover these elements, a silicon oxide is made to deposit in 
about 700nm thickness by ordinary-pressure CVD, flattening is carried out by the 
reflow or etchback, and an insulator layer 20 is formed. Next, contest polysilicon is 

10 made to deposit on the upper layer of an insulator layer 20 in 200nm thickness by 
reduced pressure CVD, and the 1st mask layer 21 is formed. Next a silicon oxide is 
made to deposit on the upper layer of the 1st mask layer 21 in 200nm thickness by 
reduced pressure CVD, and the 2nd mask layer 22 is formed. Next a coating machine is 
used for the upper layer of the 2nd mask layer 22, a resist film is applied by 600nm 

15 thickness, patterning is carried out to the opening pattern of the 1 st contact hole of 
400nmphi by the excimer stepper, and the resist film R1 is formed. 

[0055] Next, as shown in drawing 6 (b), the resist film R1 is used as a mask in the 
etching system of a magnetron method. 200nm etching is performed and opening of the 
1st contact hole CHI to which the 1st mask layer 21 is exposed is carried out to the 
20 2nd mask layer 22. Next, the resist film R1 is removed using Usher of mu wave 
downflow method. 

[0056] Next, as shown in drawing 6 (c), cover the inside of the 2nd mask layer 22 and 
the 1st contact hole CHI with reduced pressure CVD on the whole surface, a silicon 
oxide is made to deposit by lOOnm thickness in it, and the layer 23 for sidewall masks is 
25 formed. 

[0057] Next, as shown in drawing 7 (d), lOOnm of etchback of the layer 23 for sidewall 
masks is performed in the etching system of an parallel monotonous method, and 
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sidewall mask layer 23a is formed. By formation of sidewall mask layer 23a, the path of 
a contact hole can be narrowed to about 200nmphi. 

[0058] Next, as shown in drawing 7 (eX the 2nd mask layer 22 and sidewall mask layer 
23a are used as a mask in an efficient consumer response type etching system, and 
5 opening of the 2nd contact hole CH2 with an open aperture [ phi ] of about 200nm to 
which 200nm etching is performed, the 1st mask layer 21 is penetrated, and an insulator 
layer 20 is exposed is carried out. 

[0059] Next, as shown in drawing 8 (f), the 1st mask layer 21 which has the diameter of 
opening of about 200nmphi in the etching system of a magnetron method is used as a 

10 mask, 700nm etching is performed and opening of the 2nd contact hole CH2 to which an 
insulator layer 20 is penetrated and the semiconductor substrate 10 is exposed is 
carried out to an insulator layer 20. The 2nd mask layer 22 which consists of a silicon 
oxide, and sidewall mask layer 23a carry out etching removal simultaneously with 
opening etching of the 2nd contact hole CH2 to an insulator layer 20. 

15 [0060] Next, as shown in drawing 8 (g). embed the inside of the 2nd contact hole CH2 
for contest polysilicon by reduced pressure CVD, the 1st mask layer 21 upper surface 
is made to deposit on the whole surface in 200nm thickness, and the embedding wiring 
layer 30 is formed. 

[0061] Next, 400nm etchback is performed on the whole surface in an efficient 
20 consumer response type etching system, it is embedded in the 2nd contact hole CH2, 
embedding wiring layer 30a which has the path of about 200nmphi linked to the 
semiconductor substrate 1 0 is formed, and the semiconductor device of the structure 
shown in drawing 5 is formed As a next process, the upper wiring is connected to the 
upper layer of embedding wiring layer 30a. for example, or it can perform forming a 
25 storage node electrode and considering as capacitor structure etc. 

[0062] In the opening process of the 2nd contact hole CH2 to the above-mentioned 
insulator layer 20, since it is the structure where a selection ratio does not have the 
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sidewall mask layer of contest low polysilicon structurally, retreat of the shoulder of 
opening is suppressed, and the 1st mask layer 21 cannot cause wiring short-circuit etc. 
easily. Moreover, it is possible to thin-film-ize the 1st mask layer 21 from the mask 
layer of the conventional method, the aspect ratio of the 2nd contact hole CH2 can be 
5 made smaller than before, and it is hard to cause poor opening, such as a dirty stop. 
From these things, the early diameter of opening can be maintained [ be / under / 
etching / letting it pass / it ], and opening of the contact hole of the detailed 
simultaneously perpendicular configuration where the unreliable reliability of wiring with 
poor contact hole openings, such as a micro loading effect and an etching stop, was 

10 secured can be carried out. 

[0063] moreover, since retreat of the 1st mask layer 21 is suppressed, even if it 
thinHllm-izes thickness of the embedding wiring layer 30 when embedding the 2nd 
contact hole CH2 with contest polysilicon etc. rather than the conventional method, a 
plug loss when the depression of a contact hole upper part portion can be made small 

15 and carries out etchback can be suppressed small, and a semiconductor substrate is 
received — it can scoop out — etc. — contact junction can be formed, without causing 
poor contact 

[0064] As mentioned above, retreat of the shoulder of a mask layer is suppressed by 
this example, expansion of a contact hole is suppressed, and the semiconductor device 
20 which has the detailed contact which secured the reliability of the wiring to the 
semiconductor substrate which has produced neither short-circuit of wiring nor an 
etching stop which could scoop out and suppressed the plug loss can be 
manufactured. 

[0065] The cross section of the semiconductor device manufactured by the 
25 manufacture method of example 2 this example is shown in drawing 9 . Elements, such 
as an MOS transistor which is not illustrated on the semiconductor substrate 10, are 
formed, and the insulator layer 20 which consists the upper layer of a silicon oxide is 
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formed. Opening of the contact hole which reaches the semiconductor substrate 1 0 is 
carried out to the insulator layer 20, it embeds in a contact hole, wiring layer 30a is 
embedded, and it has connected with the semiconductor substrate 1 0. 
[0066] This semiconductor device is a semiconductor device which expansion of a 
5 contact hole is suppressed and has produced neither short-circuit of wiring, nor an 
etching stop and which has the detailed contact which secured the reliability of the 
wiring to a semiconductor substrate which could scoop out and suppressed the "Mc plug 
loss. 

[0067] Below, the manufacture method of the semiconductor device of the 
10 above-mentioned this example is explained. First, on the silicon semiconductor 
substrate 10. as shown in drawing 10 (a), after forming elements, such as a transistor 
which is not illustrated, cover these elements, a silicon oxide is made to deposit in 
about 700nm thickness by ordinary-pressure CVD, flattening is carried out by the 
reflow or etchback, and an insulator layer 20 is formed. Next, contest polysilicon is 
15 made to deposit on the upper layer of an insulator layer 20 in lOOnm thickness thinner 
than the case of an example 1 by reduced pressure CVD, and the 1st mask layer 21 is 
formed. Next a silicon nitride is made to deposit on the upper layer of the 1 st mask 
layer 21 in 200nm thickness by reduced pressure CVD, and the 2nd mask layer 22 is 
formed. Next a coating machine is used for the upper layer of the 2nd mask layer 22. a 
20 resist film is applied by 600nm thickness, patterning is carried out to the opening 
pattern of the 1 st contact hole of 400nmphi by the excimer stepper, and the resist film 
R1 is formed- 

[0068] Next as shown in drawing 10 (b), the resist film R1 is used as a mask in the 
etching system of a magnetron method, 200nm etching is performed and opening of the 
25 1st contact hole CHI to which the 1st mask layer 21 is exposed is carried out to the 
2nd mask layer 22. Next, the resist film R1 is removed using Usher of mu wave 
downflow method. 



24 



[0069] Next, as shown in drawing 10 (cX cover the inside of the 2nd mask layer 22 and 
the 1st contact hole CHI with reduced pressure CVD on the whole surface, a silicon 
nitride is made to deposit by lOOnm thickness in it, and the layer 23 for sidewall masks 
is formed. 

5 [0070] Next, as shown in drawing 11 (d). lOOnm of etchback of the layer 23 for sidewall 
masks is performed in the etching system of an parallel monotonous method, and 
sidewall mask layer 23a is formed. By formation of sidewall mask layer 23a, the path of 
a contact hole can be narrowed to about 200nmphi. 

[0071] Next, as shown in drawing 11 (e), the 2nd mask layer 22 and sidewall mask layer 
10 23a are used as a mask in an efficient consumer response type etching system, and 
opening of the 2nd contact hole CH2 with an open aperture [ phi ] of about 200nm to 
which lOOnm etching is performed, the 1st mask layer 21 is penetrated, and an insulator 
layer 20 is exposed Is carried out. 

[0072] Next, as shown in drawing 12 (f), the 1st mask layer 21 which has the diameter 
15 of opening of about 200nmphi in the etching system of a magnetron method is used as 
a mask, 700nm etching is performed and opening of the 2nd contact hole CH2 to which 
an insulator layer 20 is penetrated and the semiconductor substrate 10 is exposed is 
carried out to an insulator layer 20. The 2nd mask layer 22 which consists of a silicon 
nitride, and. sidewall mask layer 23a carry out etching removal simultaneously with 
20 opening etching of the 2nd contact hole CH2 to an insulator layer 20. At this time, 
rather than the case of an example 1 , the radius of circle of the shoulder of the 1 st 
mask layer 21 can be made small, and the breadth of the diameter of opening of the 2nd 
contact hole CH2 can be suppressed further. 

[0073] Next, as shown in drawing 1 2 (g), embed the inside of the 2nd contact hole CH2 
25 for contest polysilicon by reduced pressure CVD, the 1st mask layer 21 upper surface 
is made to deposit on the whole surface in 1 0Onm thickness thinner than the case of an 
example 1 , and the embedding wiring layer 30 is formed. 
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[0074] Next, 200nm etchback is performed on the whole surface in an efficient 
consumer response type etching system, it is embedded in the 2nd contact hole CH2. 
embedding wiring layer 30a which has the path of about 200nmphi linked to the 
semiconductor substrate 10 is formed, and the semiconductor device of the structure 
5 shown in drawing 9 is formed. As a next process, the upper wiring is connected to the 
upper layer of embedding wiring layer 30a. for example, or it can perform forming a 
storage node electrode and considering as capacitor structure etc. 
[0075] In the opening process of the 2nd contact hole CH2 to the above-mentioned 
insulator layer 20. since it is the structure where a selection ratio does not have the 

10 sidewall mask layer of contest low polysilicon structurally, retreat of the shoulder of 
opening is suppressed, and the 1st mask layer 21 cannot cause wiring short-circuit etc. 
easily. Moreover, it is possible to thin*-film-ize the 1st mask layer 21 from the mask 
layer of the conventional method, the aspect ratio of the 2nd contact hole CH2 can be 
made smaller than before, and it is hard to cause poor opening, such as a dirty stop. 

15 From these things, the early diameter of opening can be maintained [ be / under / 
etching / letting it pass / it ], and opening of the contact hole of the detailed 
simultaneously perpendicular configuration where the unreliable reliability of wiring with 
poor contact hole openings, such as a micro loading effect and an etching stop, was 
secured can be carried out. 

20 [0076] moreover, since retreat of the 1st mask layer 21 is suppressed, even if it 
thin-film-izes thickness of the embedding wiring layer 30 when embedding the 2nd 
contact hole CH2 with contest polysilicon etc. rather than the conventional method, a 
plug loss when the depression of a contact hole upper part portion can be made small 
and carries out etchback can be suppressed small, and a semiconductor substrate is 

25 received — it can scoop out — etc. — contact junction can be formed, without causing 
poor contact 

[0077] In the manufacture method of the semiconductor device of the above-mentioned 
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this example, since the 2nd mask layer 22 and sidewall mask layer 23a are formed by 
the silicon nitride, the high selection ratio when *********3(cing the 1st mask layer 21 of 
contest polysilicon rather than the case of the example 1 which formed the 2nd mask 
layer 22 and sidewall mask layer 23a by the silicon oxide can be taken. This is because 
5 it is avoidable for much oxygen to be supplied into plasma and to lower the etch 
selectivity of a polysilicon contest layer if the layer which consists of a silicon oxide is 
**********ed. Thereby, it is possible to make thickness of the 2nd mask layer 22 
thinner than the case of an example 1, and the radius of circle of the shoulder of 
opening of the 1st mask layer 21 after carrying out etching removal of the 2nd mask 

10 layer 22 and the sidewall mask layer 23a can be made smaller. For this reason, it can 
embed without worsening the depression of the embedding wiring layer 31 in the upper 
part portion of a contact hole, and thickness of the wiring layer 30 can be made thinner 
than the case of an example 1 , Since the aspect ratio of a contact hole can be made 
small by this, generating of a micro loading effect or a dirty stop can be suppressed 

15 further. Moreover, it is advantageous also from a viewpoint of a manufacturing cost and 
a throughput that the total deposition thickness of a polysilicon contest layer is thin 
200nm. 

[0078] As mentioned above, retreat of the shoulder of a mask layer is suppressed by 
this example, expansion of a contact hole is suppressed, and the semiconductor device 
20 which has the detailed contact which secured the reliability of the wiring to the 
semiconductor substrate which has produced neither short-circuit of wiring nor an 
etching stop which could scoop out and suppressed the plug loss can be 
manufactured. 

[0079] The cross section of the semiconductor device manufactured by the 
25 manufacture method of example 3 this example is shown in drawing 13 . On the 
semiconductor substrate 10 LDD sidewall insulator layer 25a of the silicon oxide formed 
in the gate electrode 31 of a polycide which consists of bottom gate electrode 31a of 
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contest polysilicon formed through the gate insulator layer 24, and top gate electrode 
31b of tungsten silicide, and its both-sides section, The MOS transistor which has the 
LDD diffusion layer 1 1 and the source drain diffusion layer 1 2 which were formed into 
the semiconductor substrate 10 of the both-sides section of the gate electrode 31 is 
5 formed, and the insulator layer 20 which consists the upper layer of a silicon oxide is 
formed. Opening of the contact hole which reaches the source drain diffusion layer 1 2 
of the semiconductor substrate 1 0 is carried out to the insulator layer 20. it embeds in 
a contact hole, wiring layer 30a is embedded, and it has connected with the source 
drain diffusion layer 12. 

10 [0080] This semiconductor device is a semiconductor device which expansion of a 
contact hole is suppressed and has produced neither short-circuit of wiring, nor an 
etching stop and which has the detailed contact which secured the reliability of the 
wiring to a semiconductor substrate which could scoop out and suppressed the plug 
loss. 

15 [0081] Below, the manufacture method of the semiconductor device of the 
above-mentioned this example is explained. First, on the silicon semiconductor 
substrate 10, as shown in drawing 14 (aX after forming the gate insulator layer 24 by 
20nm thickness by the dry oxidation style which used the thermal diffusion furnace, 
make lOOnm contest polysilicon deposit in reduced pressure CVD, and form layer 31a 

20 for bottom gate electrodes, lOOnm of tungsten silicide is made to deposit on the upper 
layer in a spatter, and layer 31b for top gate electrodes is formed Next, a coating 
machine is used for the upper layer of layer 31b for top gate electrodes, a resist film is 
applied by 600nm thickness, patterning is carried out to a gate electrode pattern with a 
line breadth of 200nm by the excimer stepper, and the resist film R2 is formed. 

25 [0082] Next, as shown in drawing 14 (b), the resist film R2 is used as a mask in an 
efficient consumer response type etching system, and the gate electrode 31 of a 
polycide which etches lOOnm, respectively and consists layer 31b for top gate 
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electrodes of bottom gate electrode 31a and top gate electrode 31b in lOOnm and layer 
31a for bottom gate electrodes is formed. Next, after removing the resist film R2 using 
Usher of mu wave downflow method, the gate electrode 31 is used as a mask, into the 
semiconductor substrate 10, an ion implantation is performed and the LDD difFusion 
5 layer 11 is formed. Next, cover the gate electrode 31 and the semiconductor substrate 
10 with reduced pressure CVD on the whole surface, a silicon oxide is made to deposit 
in lOOnm thickness by it, and the layer 25 for LDD sidewall insulator layers is formed. 
[0083] Next, as shown in drawing 14 (c), 220nm whole surface etchback is performed in 
the etching system of an parallel monotonous method, and LDD sidewall insulator layer 

10 25a is formed. Next, the gate electrode 31 with LDD sidewall insulator layer 25a is used 
as a mask, into the semiconductor substrate 10, an ion implantation is performed and 
the source drain diffusion layer 12 is formed. As mentioned above, the MOS transistor 
which has the gate insulator layer 24, the gate electrode 31, LDD sidewall insulator 
layer 25a, the LDD diffusion layer 1 1 , and the source drain diffusion layer 1 2 is formed. 

15 [0084] Next, as shown in drawing 1 5 (d), cover the MOS transistor formed above and a 
silicon oxide is made to deposit in about lOOOnm thickness by ordinary-pressure CVD, 
by grinding 300nm by the CMP (Chemical Mechanical Polishing) method, flattening is 
carried out and the insulator layer 20 of 700nm of thickness is formed. Next, contest 
polysilicon is made to deposit on the upper layer of an insulator layer 20 in lOOnm 

20 thickness by reduced pressure CVD, and the 1st mask layer 21 is formed. Next a silicon 
nitride is made to deposit on the upper layer of the 1st mask layer 21 in 200nm 
thickness by reduced pressure CVD, and the 2nd mask layer 22 is formed. 
[0085] Next, as shown in drawing 1 5 (e), a coating machine is used for the upper layer 
of the 2nd mask layer 22, a resist film is applied by 600nm thickness, patterning is 

25 carried out to the opening pattern of the 1st contact hole of 400nmphi by the excimer 
stepper, and the resist film R1 is formed. Next, the resist film R1 is used as a mask in 
the etching system of a magnetron method, 200nm etching is performed and opening of 
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the 1st contact hole CHI to which the 1st mask layer 21 is exposed is carried out to 
the 2nd mask layer 22. 

[0086] Next, as shown in drawing 15 (f), after removing the resist film R1 using Usher of 
mu wave downflow method. Cover the inside of the 2nd mask layer 22 and the 1st 
5 contact hole CHI with reduced pressure CVD on the whole surface, and a silicon nitride 
is made to deposit by lOOnm thickness in it. The layer 23 for sidewall masks is formed, 
next, 1 0Onm of etchback of the layer 23 for sidewall masks is performed in the etching 
system of an parallel monotonous method, and sidewall mask layer 23a is formed. By 
formation of sidewall mask layer 23a, the path of a contact hole can be narrowed to 

10 about 200nmphL 

[0087] Next, as shown in drawing 1 6 (g), the 2nd mask layer 22 and sidewall mask layer 
23a are used as a mask in an efficient consumer response type etching system, and 
opening of the 2nd contact hole CH2 with an open aperture [ phi ] of about 200nm to 
which lOOnm etching is performed, the 1st mask layer 21 is penetrated, and an insulator 

15 layer 20 is exposed is carried out. 

[0088] Next, as shown in drawing 16 (h), the 1st mask layer 21 which has the diameter 
of opening of about 200nmphi in the etching system of a magnetron method is used as 
a mask, 700nm etching is performed and opening of the 2nd contact hole CH2 to which 
an insulator layer 20 is penetrated and the source drain diffusion layer 12 in the 

20 semiconductor substrate 1 0 is exposed is carried out to an insulator layer 20. The 2nd 
mask layer 22 which consists of a silicon nitride, and sidewall mask layer 23a carry out 
etching removal simultaneously with opening etching of the 2nd contact hole CH2 to an 
insulator layer 20. 

[0089] Next, as shown in drawing 1 6 (i), embed the inside of the 2nd contact hole CH2 
25 for contest polysilicon by reduced pressure CVD, the 1st mask layer 21 upper surface 
is made to deposit on the whole surface in 1 0Onm thickness, and the embedding wiring 
layer 30 is formed 
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[0090] Next, 200nm etchback is performed on the whole surface in an efficient 
consumer response type etching system, it is embedded in the 2nd contact hole CH2, 
embedding wiring layer 30a which has the path of about 200nmphi linked to the 
semiconductor substrate 1 0 is formed, and the semiconductor device of the structure 
5 shown in drawing 13 is formed. As a next process, the upper wiring is connected to the 
upper layer of embedding wiring layer 30a, for example, or it can perform forming a 
storage node electrode and considering as capacitor structure etc. 

[0091] According to the manufacture method of the semiconductor device of the above 
this example, retreat of the shoulder of a mask layer is suppressed, expansion of a 

10 contact hole is suppressed, and the semiconductor device of the MOS transistor 
system which has the detailed contact which secured the reliability of the wiring to a 
semiconductor substrate which could scoop out and suppressed the plug loss which 
has produced neither short-circuit of wiring nor an etching stop can be manufactured. 
[0092] The cross section of the semiconductor device manufactured by the 

15 manufacture method of example 4 this example is shown in drawing 17 . On the 
semiconductor substrate 10 LDD sidewall insulator layer 25a of the silicon oxide formed 
in the gate electrode 31 of a polycide which consists of bottom gate electrode 31a of 
contest polysilicon formed through the gate Insulator layer 24, and top gate electrode 
31b of tungsten silicide. and its both-sides section. The MOS transistor which has the 

20 LDD diffusion layer 11 and the source drain diffusion layer 12 which were formed into 
the semiconductor substrate 10 of the both-sides section of the gate electrode 31 is 
formed, and the insulator layer 20 which consists the upper layer of a silicon oxide is 
formed. Opening of the contact hole which reaches the source drain diffusion layer 1 2 
of the semiconductor substrate 10 is carried out to the insulator layer 20. The 

25 capacitor is formed from the storage node electrode MN which consists of embedding 
wiring layer 30a and partial 21a of the 1st mask layer which it was embedded in the 
contact hole and have been connected to the source drain diffusion layer 12, the 
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capacitor insulator layer 26 which consists of a silicon nitride formed in the upper layer, 
and the plate electrode 32 of contest polysilicon. 

[0093] This semiconductor device is a semiconductor device which has the detailed 
storage node contact which expansion of a contact hole is suppressed and has 
produced neither short-circuit of wiring, nor an etching stop, and which secured the 
reliability of wiring to a semiconductor substrate which could scoop out and suppressed 
the ** plug loss. 

[0094] Below, the manufacture method of the semiconductor device of the 
above-mentioned this example is explained. First, as shown in drawing 18 (a), the MOS 
transistor which has the gate insulator layer 24, the gate electrode 31, LDD sidewall 
insulator layer 25a. the LDD diffusion layer 11, and the source drain diffusion layer 12 
by the same method as an example 3 is formed. Next, cover an MOS transistor and a 
silicon oxide is made to deposit in about lOOOnm thickness by ordinary-pressure CVD, 
by grinding 300nm by the CMP (Chemical Mechanical Polishing) method, flattening is 
carried out and the insulator layer 20 of 700nm of thickness is formed. Next, contest 
polysilicon is made to deposit on the upper layer of an insulator layer 20 in 200nm 
thickness by reduced pressure CVD, and the 1st mask layer 21 is formed. Next a silicon 
nitride is made to deposit on the upper layer of the 1st mask layer 21 in 200nm 
thickness by reduced pressure CVD, and the 2nd mask layer 22 is formed. Next, a 
coating machine is used for the upper layer of the 2nd mask layer 22, a resist film is 
applied by 600nm thickness, patterning is carried out to the opening pattern of the 1 st 
contact hole of 400nmphi by the excimer stepper, and the resist film R1 is formed. 
[0095] Next, as shown in drawing 18 (b), the resist film R1 is used as a mask in the 
etching system of a magnetron method, 200nm etching is performed and opening of the 
1st contact hole CHI to which the 1st mask layer 21 is exposed is carried out to the 
2nd mask layer 22. Next, after removing the resist film R1 using Usher of mu wave 
downflow method, cover the inside of the 2nd mask layer 22 and the 1st contact hole 
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CHI with reduced pressure CVD on the whole surface, a silicon nitride is made to 
deposit by lOOnm thickness in it, and the layer 23 for sidewall masks is formed. 
[0096] Next, as shown in drawing 18 (c), lOOnm of etchback of the layer 23 for sidewall 
masks is performed in the etching system of an parallel monotonous method, and 
5 sidewall mask layer 23a is formed. By formation of sidewall mask layer 23a, the path of 
a contact hole can be narrowed to about 200nmphi. 

[0097] Next, as shown in drawing 1 9 (d), the 2nd mask layer 22 and sidewall mask layer 
23a are used as a mask in an efficient consumer response type etching system, and 
opening of the 2nd contact hole CH2 with an open aperture [ phi ] of about 200nm to 
10 which 200nm etching is performed, the 1st mask layer 21 is penetrated, and an insulator 
layer 20 is exposed is carried out. 

[0098] Next, as shown in drawing 19 (e), the 1st mask layer 21 which has the diameter 
of opening of about 200nmphi in the etching system of a magnetron method is used as 
a mask, 700nm etching is performed and opening of the 2nd contact hole CH2 to which 
15 an insulator layer 20 is penetrated and the source drain diffusion layer 12 in the 
semiconductor substrate 10 is exposed is carried out to an insulator layer 20. The 2nd 
mask layer 22 which consists of a silicon nitride, and sidewall mask layer 23a carry out 
etching removal simultaneously with opening etching of the 2nd contact hole CH2 to an 
insulator layer 20. 

20 [0099] Next, as shown in drawing 19 (g), embed the inside of the 2nd contact hole CH2 
for contest polysilicon by reduced pressure CVD, the 1st mask layer 21 upper surface 
is made to deposit on the whole surface in 1 0Onm thickness, and the embedding wiring 
layer 30 is formed. 

[0100] Next, as shown in drawing 20 (h), a coating machine is used for the upper layer 
25 of the embedding wiring layer 30, a resist film is applied by 600nm thickness, patterning 
is carried out to the storage node electrode pattern of about 200nmphi by the excimer 
stepper, and the resist film R3 is formed 
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[0101] Next, as shown in drawing 20 OX the storage node electrode MN of about 
200nmphi which uses the resist film R3 as a mask in an efficient consumer response 
type etching system, performs 300nm etching, embedding wiring layer 30a Reaches, and 
consists of partial 21a of the 1st mask layer is formed. 
5 [0102] Next, cover the storage node electrode MN with reduced pressure CVD, and 
make a silicon nitride deposit on the whole surface in 20nm thickness, and form the 
capacitor insulator layer 26, contest polysilicon is made to deposit on the upper layer in 
200nm thickness by reduced pressure CVD, the plate electrode 32 is formed, and the 
semiconductor device of the structure shown in drawing 1 7 is formed. 

10 [0103] According to the manufacture method of the semiconductor device of the above 
this example, retreat of the shoulder of a mask layer is suppressed, expansion of a 
contact hole is suppressed, and the semiconductor device of the MOS transistor 
system which has the detailed storage node contact which has produced neither 
short-circuit of wiring nor an etching stop, and which secured the reliability of the 

15 wiring to a semiconductor substrate which could scoop out and suppressed the ** plug 
loss can be manufactured. 

[0104] The cross section of the semiconductor device manufactured by the 
manufacture method of the 2nd operation form book operation form is shown in drawing 
21 . Elements, such as an MOS transistor which is not illustrated on the semiconductor 

20 substrate 10. are formed, the insulator layer 20 which consists of a silicon oxide is 
formed in the upper layer, and the 1st mask layer 21 which consists of a silicon nitride 
is formed in the upper layer. It reaches insulator layer 20 and opening of the contact 
hole which reaches the semiconductor substrate 10 is carried out to the 1st mask layer 
21. it embeds in a contact hole, wiring layer 30a is embedded, and the up electrode 33 

25 and the semiconductor substrate 10 which were formed in the upper layer are 
connected. 

[0105] This semiconductor device is a semiconductor device which expansion of the 
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path of a contact hole is suppressed and has produced neither short-circuit of wiring, 
nor an etching stop and which has the detailed contact which secured the reliability of 
the wiring to a semiconductor substrate which could scoop out and suppressed the ** 
plug loss. 

5 [0106] Below, the manufacture method of the semiconductor device of this 
above-mentioned operation form is explained. First, on the silicon semiconductor 
substrate 1 0, as shown in drawing 22 (a), after forming elements, such as a transistor 
which is not illustrated, cover these elements, for example, a silicon oxide is made to 
deposit by ordinary-pressure CVD, flattening is carried out by the reflow or etchback, 

10 and an insulator layer 20 is formed. Next, a silicon nitride is made to deposit on the 
upper layer of an insulator layer 20 in about 1 0Onm thickness for example, by reduced 
pressure CVD. and the 1st mask layer 21 is formed. Next contest polysilicon is made to 
deposit on the upper layer of the 1st mask layer 21 In about 300nm thickness for 
example, by reduced pressure CVD. and the 2nd mask layer 22 is formed. Next a resist 

15 film is applied to the upper layer of the 2nd mask layer 22, for example, patterning is 
carried out to the opening pattern of the 1st contact hole of 400nmphi. and the resist 
film R1 is formed. 

[0107] Next, as shown in drawing 22 (b), the resist film R1 is used as a mask, RIE 
(reactive ion etching) etc. is etched and opening of the 1st contact hole CHI to which 
20 the 1st mask layer 21 is exposed is carried out to the 2nd mask layer 22, Next, the 
resist film R1 is removed. 

[0108] Next, as shown in drawing 22 (c), cover the inside of the 2nd mask layer 22 and 
the 1st contact hole CHI with reduced pressure CVD on the whole surface, contest 
polysilicon is made to deposit by about 140nm thickness in it, and the layer 23 for 
25 sidewall masks is formed. 

[0109] Next, as shown in drawing 23 (d). anisotropic etching, such as RIE, performs 
etchback of the layer 23 for sidewall masks, and sidewall mask layer 23a is formed. By 
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formation of sidewall mask layer 23a, the path of a contact hole can be narrowed for 
example, to about 1 20nmphi. 

[0110] Next, as shown in drawing 23 (e), it etches by using the 2nd mask layer 22 and 
sidewall mask layer 23a as a mask in an efFicient consumer response type etching 
5 system, the 1st mask layer 21 is penetrated, and opening of the 2nd contact hole CH2 
with an open aperture [ phi ] of about 120nm is carried out to the middle of an insulator 
layer 20. 

[0111] Next, as shown in drawing 23 (f), it etches in an efFicient consumer response 
type etching system, and the 2nd mask layer 22 and sidewall mask layer 23a are 
10 removed. 

[0112] Next, as shown in drawing 24 (g), etching of contact hole CH2 ** which has the 
diameter of opening of about 120nmphi which used the 1st mask layer 21 as the mask, 
for example, carried out opening to the middle of an insulator layer 20 in the efficient 
consumer response type etching system is continued, and opening of the 2nd contact 
15 hole CH2 to which an insulator layer 20 is penetrated and the semiconductor substrate 
10 is exposed is carried out to an insulator layer 20. 

[0113] Next, as shown in drawing 24 (h), embed the inside of the 2nd contact hole CH2 
for contest polysilicon by reduced pressure CVD, the 1st mask layer 21 upper surface 
is made to deposit on the whole surface, and the embedding wiring layer 30 is formed. 

20 [0114] Next, as shown in drawing 24 (i), etchback is performed on the whole surface in 
an efficient consumer response type etching system, and it is embedded in the 2nd 
contact hole CH2, and it connects with the semiconductor substrate 10, for example, 
embedding wiring layer 30a which has the path of 1 20nmphi is formed. 
[0115] Next, contest polysilicon is made to deposit on the upper layer of embedding 

25 wiring layer 30a, patterning can be carried out, the up electrode 33 can be formed, and 
the semiconductor device shown in drawing 21 can be formed. The embedding wiring 
layer has connected the up electrode 33 with the semiconductor substrate 10. It can 
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perform connecting the upper wiring to the upper layer of the up electrode 33 further, 
for example, or using up wiring 33 as a storage node electrode as a next process, 
forming a capacitor insulator layer and a plate electrode in the upper layer, and 
considering as capacitor structure etc. 
5 [0116] Using the material which makes a mask layer two-layer structure and has etch 
selectivity to an insulator layer 20 in the layer of the bottom, since a selection ratio 
does not have the sidewall mask layer of contest low polysilicon structurally as a mask, 
expansion of the path of opening and retreat of a shoulder are suppressed, and in the 
opening process of the 2nd contact hole CH2 to the above-mentioned insulator layer 

10 20, it is hard to cause wiring short-circuit etc. Moreover, it is possible to thinHllm-ize 
the 1st mask layer 21 from the mask layer of the conventional method, the aspect ratio 
of the 2nd contact hole CH2 can be made smaller than before, and it is hard to cause 
poor opening, such as a dirty stop. From these things, the early diameter of opening can 
be maintained [ be / under / etching / letting it pass / it ], and opening of the contact 

15 hole of the detailed simultaneously perpendicular configuration where the unreliable 
reliability of wiring with poor contact hole openings, such as a micro loading effect and 
an etching stop, was secured can be carried out. 

[0117] moreover, since retreat of the 1st mask layer 21 is suppressed, even if it 
thin-film-izes thickness of the embedding wiring layer 30 when embedding the 2nd 

20 contact hole CH2 with contest polysilicon etc. rather than the conventional method, a 
plug loss when the depression of a contact hole upper part portion can be made small 
and carries out etchback can be suppressed small, and a semiconductor substrate is 
received — it can scoop out — etc. — contact junction can be formed, without causing 
poor contact Since the plug loss is suppressed when forming an up electrode in the 

25 upper layer of an embedding wiring layer, it can form easily. 

[0118] As mentioned above, retreat of the shoulder of a mask layer is suppressed 
according to this operation form, expansion of a contact hole is suppressed, and the 
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semiconductor device which has the detailed contact which secured the reliability of 
the wiring to the semiconductor substrate which has produced neither short-circuit of 
wiring nor an etching stop which could scoop out and suppressed the ** plug loss can 
be manufactured. 

5 [0119] The cross section of the semiconductor device manufactured by the 
manufacture method of the 3rd operation form book operation form is shown in drawing 
25 . On the semiconductor substrate 10 LDD sidewall insulator layer 25a of the silicon 
oxide formed in the gate electrode 31 of a polycide which consists of bottom gate 
electrode 31a of contest polysilicon formed through the gate insulator layer 24, and top 

10 gate electrode 31b of tungsten silicide, and its both-sides section, Elements, such as an 
MOS transistor which has the LDD diffusion layer 11 and the source drain diffusion 
layer 12 which were formed into the semiconductor substrate 10 of the both-sides 
section of the gate electrode 31, are formed, and the insulator layer 20 which consists 
of a silicon oxide is formed in the upper layer. Opening of the contact hole which 

15 reaches the semiconductor substrate 10 is carried out to the insulator layer 20, it 
embeds in a contact hole, wiring layer 30a is embedded, and it has connected with the 
semiconductor substrate 1 0. 

[0120] This semiconductor device is a semiconductor device which expansion of the 
path of a contact hole is suppressed and has produced neither short-circuit of wiring, 
20 nor an etching stop and which has the detailed contact which secured the reliability of 
the wiring to a semiconductor substrate which could scoop out and suppressed the ** 
plug loss. 

[0121] Below, the manufacture method of the semiconductor device of this 
above-mentioned operation form is explained. First, as shown in drawing 26 (a), after 
25 forming the gate insulator layer 24 by the oxidizing [ thermally ] method on the silicon 
semiconductor substrate 10, for example, contest polysilicon (reactant gas: — 
SiH4/H2/PH3=0.45slm/10slm/— 20 seem) Pressure : Make about lOOnm deposit in the 



38 



reduced pressure CVD of conditions with a 1 0.6kPa and a substrate temperature of 620 
degrees C, and layer 31a for bottom gate electrodes is formed, the upper layer — for 
example, tungsten silicide — ( — reactant gas: — about lOOnm is made to deposit in 
the heat CVD of the conditions of SiH2CI2/WF6=100sccm/3.6sccm, and 
5 pressure:! 33Pa and substrate temperature [ of 595 degrees C ]), and layer 31b for top 
gate electrodes is formed 

[0122] Next, a coating machine is used for the upper layer of layer 31b for top gate 
electrodes, a resist film is applied, patterning is carried out to a gate electrode pattern 
with a line breadth of about 0.35 micrometers by the excimer stepper, and the resist 

10 film R2 is formed, next, an etching system (it sccm(s) reactant gas: — 02=75sccm 
[ CI2/]/6 — ) efficient consumer response type [ for example, ] Pressure : 0.4Pa, mu 
wave output:1200W (2.45GHz), RF bias:70-50W (SOOkHz), It etches by using the resist 
film R2 as a mask on conditions with a substrate temperature of 20 degrees C, and the 
gate electrode 31 of a polycide which consists of bottom gate electrode 31a and top 

15 gate electrode 31b is formed. 

[0123] Next, after removing the resist film R2, the gate electrode 31 is used as a mask, 
into the semiconductor substrate 10, an ion implantation is performed and the LDD 
diffusion layer 1 1 is formed. Next, for example, cover the gate electrode 31 and the 
semiconductor substrate 10 with reduced pressure CVD on the whole surface, a silicon 

20 oxide is made to deposit, etchback is performed on condition that an anode couple 
parallel monotonous type etching system (reactant gas : CHF3/CF pressure : 
4/Ar=40sccm/40sccm/800sccm, 200Pa, mu wave output : 500 W (2380kHz), substrate 
temperature of 50 degrees C), and LDD sidewall insulator layer 25a is formed. Next, the 
gate electrode 31 with LDD sidewall insulator layer 25a is used as a mask, into the 

25 semiconductor substrate 10, an ion implantation is performed and the source drain 
diffusion layer 12 is formed. As mentioned above, the MOS transistor which has the 
gate insulator layer 24, the gate electrode 31, LDD sidewall insulator layer 25a, the LDD 
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diffusion layer 11, and the source drain diffusion layer 12 is formed. 
[0124] Next, as shown in drawing 26 (bX cover elements, such as a transistor formed as 
mentioned above, for example, a silicon oxide is made to deposit in about 600nm 
thickness by ordinary-pressure CVD, flattening is carried out by the reflow or etchback. 
and an insulator layer 20 is formed. Next, a silicon nitride is made to deposit on the 
upper layer of an insulator layer 20 in about 300nm thickness by the vertical-mold 
reduced pressure CVD of conditions, and the 1st mask layer 21 is formed (reactant 
gas : SiH 2CI2/NH3=50sccm/500sccm, a pressure : 35Pa, substrate temperature of 750 
degrees C). 

[0125] Next, as shown in drawing 26 (c). a resist film is applied to the upper layer of the 
1st mask layer 21. for example, patterning is carried out to the opening pattern of the 
1 St contact hole of about 0.3 micrometerphi by the excimer stepper, and a resist film is 
formed, for example, it etches in an efficient consumer response type etching system, 
and opening of the 1st contact hole CHI to which an insulator layer 20 is exposed is 
carried out to the 1st mask layer 21. 

[0126] Next, as for example, (reactant gas : SiH 2CI2/NH3=50sccm/500sccm, a 
pressure : 35Pa, substrate temperature of 750 degrees C) shows drawing 27 (d). by the 
vertical-mold reduced pressure CVD of conditions, cover the inside of the 1st mask 
layer 21 and the 1st contact hole CHI on the whole surface, a silicon nitride is made to 
deposit in about 120nm thickness, and the layer 23 for sidewall masks is formed. 
[0127] Next, as shown in drawing 27 (e), etchback of the layer 23 for sidewall masks is 
performed in an efficient consumer response type etching system, and sidewall mask 
layer 23a is formed. By formation of sidewall mask layer 23a, the path of a contact hole 
can be narrowed for example, to about 0.1 micrometerphi. 

[01 28] Next, as shown in drawing 28 (f). opening of the 2nd contact hole CH2 with an 
open aperture [ phi ] of about 0.1 micrometers to which it etches by using the 1st mask 
layer 21 and sidewall mask layer 23a as a mask in an efficient consumer response type 
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etching system, an insulator layer 20 is penetrated, and the source drain diffusion layer 
1 2 in the semiconductor substrate 1 0 is exposed is carried out. 

[0129] Next, as for example, (reactant gas : 4/1% PH3of SiH(s) =1 OOOsccm/SOsccm. a 
pressure : 65Pa, substrate temperature of 550 degrees C) shows drawing 28 (g), embed 
5 the inside of the 2nd contact hole CH2 by the vertical-mold reduced pressure CVD of 
conditions, about 400nm contest p type impurity content polysilicon is made to deposit 
all over the 1st mask layer 21 upper surface, and the embedding wiring layer 30 is 
formed. 

[0130] Next, as shown in drawing 28 (h), etchback is performed on the whole surface in 
10 an efficient consumer response type etching system, it is embedded in the 2nd contact 
hole CH2, and embedding wiring layer 30a which connects for example, has the path of 
0.1 micrometerphi in the source drain diffusion layer 12 in the semiconductor substrate 
10 is formed. At this time, the plug loss by which it 5Mc********s caudad rather than the 
height of the front face of the 1st mask layer 21, and the front face is equivalent to the 
15 thickness of the 1st mask layer 21 of a simultaneously has generated embedding wiring 
layer 30a. 

[0131] Next, wet etching of a phosphoric-acid system is given, for example, and the 
semiconductor device of the structure shown in drawing 25 by removing the 1 st mask 
layer 21 and sidewall mask layer 23a is formed. As a next process, the upper wiring is 

20 connected to the upper layer of embedding wiring layer 30a, for example, or it can 
perform forming a storage node electrode and considering as capacitor structure etc. 
[0132] In the manufacture method of the semiconductor device of this 
above-mentioned operation gestalt, a tungsten^ungsten silicide film can also be used 
as the 1st mask layer 21 and sidewall mask layer 23a. In this case, membranes can be 

25 formed by the CVD of conditions (reactant gas : SiH3 CI/WF6=300sccm/3sccm, a 
pressure : 133Pa, substrate temperature of 595 degrees C). Moreover, in order to 
remove the 1st mask layer and sidewall mask layer of a tungsten-1:ungsten silicide film 
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after the etchback of an embedding wiring layer, the wet etching of for example. 20H2 
system can be used. 

[0133] Since the material which has etch selectivity to an insulator layer 20 in a mask 
layer (the 1st mask layer and sidewall mask layer) was used, expansion of the path of 
opening and retreat of a shoulder are suppressed, and in the opening process of the 2nd 
contact hole CH2 to the above-mentioned insulator layer 20, it is hard to cause a poor 
proof pressure, wiring short-circuit, etc. Moreover, it is possible to thin-film-ize the 1 st 
mask layer 21 fi-om the mask layer of the conventional method, the aspect ratio of the 
2nd contact hole CH2 can be made smaller than before, and it is hard to cause poor 
opening, such as a dirty stop. From these things, the early diameter of opening can be 
maintained [ be / under / etching / letting it pass / it ]. and opening of the contact hole 
of the detailed simultaneously perpendicular configuration where the unreliable reliability 
of wiring with poor contact hole openings, such as a micro loading effect and an etching 
stop, was secured can be carried out. 

[0134] Moreover, it is possible to suppress a plug loss by forming the 1st mask layer of 
the thickness which is equivalent to the plug loss to generate from removing the 1st 
mask layer after formation of embedding wiring layer 30a. Furthermore, since retreat of 
the 1st mask layer 21 is suppressed, even if it thin-film-izes thickness of the 
embedding wiring layer 30 when embedding the 2nd contact hole CH2 with contest 
polysilicon etc. rather than the conventional method, a plug loss when the depression of 
a contact hole upper part portion can be made small and carries out etchback can be 
suppressed further. Since the plug loss is suppressed when the contact junction which 
this connects stably can be formed and it forms an up electrode in the upper layer of 
an embedding wiring layer, it can form easily. 

[0135] As mentioned above, a plug loss is suppressed by this operation gestalt, retreat 
of the shoulder of a mask layer is suppressed, expansion of a contact hole is 
suppressed, and the semiconductor device which has the detailed contact which 
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secured the reliability of the wiring to the semiconductor substrate which has produced 
neither short-circuit of wiring nor an etching stop which could scoop out and 
suppressed the plug loss can be manufactured. 

[0136] this invention can apply it anything, if the semiconductor device of MOS 
5 transistors, such as DRAM, the semiconductor device of bipolar **. or an A/D 
converter is the semiconductor device which has a contact hole. It is detailed to the 
semiconductor device with which detailed-izing of equipment and reductionHzation 
were advanced, and it can be provided with junction by reliable contact. 
[0137] this invention is not limited to the gestalt of the above-mentioned operation. For 

10 example, the 1st mask layer, the 2nd mask layer, and a sidewall mask layer are good 
also as composition more than a multilayer respectively. Moreover, as a plasma etching 
method, etching of an others and ICP type and various kinds, such as helicon wave 
plasma etching, can be used. [ plasma etching / efficient consumer response type ] In 
addition, change various in the range which does not deviate from the summary of this 

15 invention can be made about process conditions, such as an equipment configuration, 
SAMPURO structure, etching, and polish, etc. Moreover, in the semiconductor device 
which has an MOS transistor, a monolayer or a multilayer is sufTicient as a gate 
electrode, for example, it may form an offset insulator layer and a thin silicon nitride on 
a gate electrode, and may carry out opening of the contact hole to a self-adjustment 

20 target. A source drain diffusion layer can use various structures, such as LDD structure. 
In addition, change various in the range which does not deviate from the summary of 
this invention can be made. 
[0138] 

[Effect of the Invention] In the method of according to this invention, forming a sidewall 
25 in a contact hole wall, and narrowing and carrying out opening of the diameter of 
opening of a contact hole Use a two-layer mask layer and expansion of the diameter of 
opening under etching etc. is suppressed by considering as the structure where it does 
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not have the sidewall structure of reducing a selection ratio about a lower mask layer. 
Generating of a plug loss can be suppressed and the manufacture method of a 
semiconductor device which neither short-circuit of wiring nor an etching stop 
produces of having the detailed contact which secured the reliability of wiring can be 
offered. 

[0139] Moreover, according to this invention, form a sidewall in a contact hole wail and 
it sets to the method of narrowing and carrying out opening of the diameter of opening 
of a contact hole. By removing a mask layer and a sidewall mask layer, embedding, after 
forming the embedding wiring layer into a contact hole, and leaving a wiring layer, 
although one layer is sufficient as a mask layer Generating of a plug loss can be 
suppressed and the manufacture method of a semiconductor device of having the 
detailed contact which secured the reliability of wiring can be offered. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing 1 is the cross section of the semiconductor device manufactured 
by the manufacture method of the semiconductor device of the 1 st operation gestalt of 
this invention. 

[Drawing 2] Drawing 2 is the cross section showing the manufacturing process of the 
manufacture method of the semiconductor device of the 1st operation gestalt of this 
invention, in (a), to the formation process of the resist film for the 1 st contact hole, (b) 
shows even the opening process of the 1st contact hole, and (c) shows even the 
formation process of the layer for sidewall masks. 

[Drawing 3] Drawing 3 shows the process of a continuation of drawing 2 , and (d) shows 
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even the opening process of the 2nd contact hole that (e) penetrates the 1st mask 
layer, to the formation process of a sidewall mask layer. 

[Drawing 4] Drawing 4 shows the process of a continuation of drawing 3 , to the opening 
process of the 2nd contact hole which penetrates an insulator layer, (g) embeds (f) and 
5 it shows even the formation process of a wiring layer. 

[Drawing 5] Drawing 5 is the cross section of the semiconductor device manufactured 
by the manufacture method of the semiconductor device of the example 1 of this 
invention. 

[Drawing 6] Drawing 6 is the cross section showing the manufacturing process of the 
10 manufacture method of the semiconductor device of the example 1 of this invention, in 
(a), to the formation process of the resist film for the 1st contact hole, (b) shows even 
the opening process of the 1 st contact hole, and (c) shows even the formation process 
of the layer for sidewall masks. 

[Drawing 7] Drawing 7 shows the process of a continuation of drawing 6 , and (d) shows 
15 even the opening process of the 2nd contact hole that (e) penetrates the 1st mask 
layer, to the formation process of a sidewall mask layer. 

[Drawing 8] Drawing 8 shows the process of a continuation of drawing 7 , to the opening 
process of the 2nd contact hole which penetrates an insulator layer, (g) embeds (f) and 
it shows even the formation process of a wiring layer. 
20 [Drawing 9] Drawing 9 is the cross section of the semiconductor device manufactured 
by the manufacture method of the example 2 of this invention. 

[Drawing 10] Drawing 10 is the cross section showing the manufacturing process of the 
manufacture method of the semiconductor device of the example 2 of this invention, in 
(a), to the formation process of the resist film for the 1st contact hole, (b) shows even 
25 the opening process of the 1st contact hole, and (c) shows even the formation process 
of the layer for sidewall masks. 

[Drawing 11] Drawing 11 shows the process of a continuation of drawing 10 , and (d) 
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shows even the opening process of the 2nd contact hole that (e) penetrates the 1st 
mask layer, to the formation process of a sidewall mask layer. 

[Drawing 12] Drawing 12 shows the process of a continuation of drawing 11 . to the 
opening process of the 2nd contact hole which penetrates an insulator layer, (g) 
embeds (f) and it shows even the formation process of a wiring layer. 
[Drawing 13] Drawing 13 is the cross section of the semiconductor device 
manufactured by the manufacture method of the example 3 of this invention. 
[Drawing 14] Drawing 13 is the cross section showing the manufacturing process of the 
manufacture method of the semiconductor device of the example 3 of this invention, in 
(a), to the formation process of the resist film for gate electrodes, (b) shows even the 
formation process of the layer for LDD sidewall insulator layers, and (c) shows even the 
formation process of a LDD sidewall insulator layer. 

[Drawing 15] Drawing 15 shows the process of a continuation of drawing 14 , in (d), to 
the formation process of the 2nd mask layer, (e) shows even the opening process of the 
1 st contact hole, and (f) shows even the formation process of a sidewall mask layer. 
[Drawing 16] Drawing 16 shows the process of a continuation of drawing 15 . to the 
opening process of the 2nd contact hole which penetrates the 1st mask layer, (i) 
embeds (h) to the opening process of the 2nd contact hole which penetrates **3Mc****, 
and (g) shows even the formation process of a wiring layer. 

[Drawing 17] Drawing 17 is the cross section of the semiconductor device 
manufactured by the manufacture method of the example 4 of this invention. 
[Drawing 18] Drawing 18 is the cross section showing the manufacturing process of the 
manufacture method of the semiconductor device of the example 4 of this invention, in 
(a), to the formation process of the resist film for the 1st contact hole, (b) shows even 
the formation process of the layer for sidewall masks, and (c) shows even the formation 
process of a sidewall mask layer. 

[Drawing 19] Drawing 19 shows the process of a continuation of drawing 18 . to the 
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opening process of the 2nd contact hole which penetrates the 1st mask layer, (f) 
embeds (e) to the opening process of the 2nd contact hole which penetrates an 
insulator layer, and (d) shows even the formation process of a wiring layer. 
[Drawing 20] Drawing 20 shows the process of a continuation of drawing 1 9 , (h) shows 
5 even the formation process of the resist film for storage node electrodes, and (i) shows 
even the formation process of a storage node electrode. 

[Drawing 21] Drawing 21 is the cross section of the semiconductor device 
manufactured by the manufacture method of the 2nd operation form of this invention. 
[Drawing 22] Drawing 22 is the cross section showing the manufacturing process of the 
10 manufacture method of the semiconductor device of the 2nd operation form of this 
invention, in (a), to the formation process of the resist film for the 1 st contact hole, (b) 
shows even the opening process of the 1st contact hole, and (c) shows even the 
formation process of the layer for sidewall masks. 

[Drawing 23] Drawing 23 shows the process of a continuation of drawing 22 , in (d), to 
15 the formation process of a sidewall mask layer, (e) penetrates the 1 st mask layer and (f) 
shows even the removal process of the 2nd mask layer and a sidewall mask layer to the 
opening process of the 2nd contact hole attained to the middle of an insulator layer. 
[Drawing 24] To the opening process of the 2nd contact hole which penetrates an 
insulator layer, drawing 24 shows the process of a continuation of drawing 23 , (h) 
20 embeds (g), to the formation process of a wiring layer, (i) embeds it and it shows even 
the etchback process of a wiring layer. 

[Drawing 25] Drawing 25 is the cross section of the semiconductor device 
manufactured by the manufacture method of the 3rd operation form of this invention. 
[Drawing 26] Drawing 26 is the cross section showing the manufacturing process of the 
25 manufacture method of the semiconductor device of the 3rd operation form of this 
invention, in (a), to the formation process of a transistor, (b) shows even the formation 
process of the 1st mask layer, and (c) shows even the opening process of the 1st 
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contact hole. 

[Drawing 27] Drawing 27 shows the process of a continuation of drawing 26 , (d) shows 
even the formation process of the layer for sidewall masks, and (e) shows even the 
formation process of a sidewall mask layer. 
5 [Drawing 28] To the opening process of the 2nd contact hole which penetrates an 
insulator layer, drawing 28 shows the process of a continuation of drawing 27 , (g) 
embeds (f). to the formation process of a wiring layer, (h) embeds it and it shows even 
the etchback process of a wiring layer. 

[Drawing 29] Drawing 29 is the cross section of the semiconductor device 
10 manufactured by the manufacture method of the semiconductor device of the 
conventional example. 

[Drawing 30] Drawing 30 is the cross section showing the manufacturing process of the 
manufacture method of the conventional semiconductor device, in (a), to the formation 
process of the resist film for the 1st contact hole, (b) shows even the opening process 
15 of the 1st contact hole, and (c) shows even the formation process of the layer for 
sidewall masks. 

[Drawing 31] Drawing 31 shows the process of a continuation of drawing 30 , (e) 
embeds to the formation process of a sidewall mask layer, and (f) embeds (d) to the 
opening process of the 2nd contact hole, and it shows even the formation process of a 
20 wiring layer. 

[Drawing 32] Drawing 32 shows the process of a continuation of drawing 30 , and (a) 
shows [ (b) ] even dirty stop generating in opening of the 2nd contact hole to the 
formation process of a sidewall mask layer. 

[Drawing 33] Drawing 33 is the important section enlarged view showing the process of 
25 a continuation of drawing 30 . (a) shows even the formation process of a sidewall mask 
layer, and (b) shows even the opening process of the 2nd contact hole. 
[Drawing 34] Drawing 34 shows the process of a continuation of drawing 30 , (a) shows 
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even the formation process of a sidewall mask layer, and (b) shows even the opening 
process of the 2nd contact hole. 

[Drawing 35] Drawing 35 shows the process of a continuation of drawing 34 , (c) 
embeds, and to the formation process of a wiring layer, (d) embeds it and it shows even 
5 the etchback process of a wiring layer. 
[Description of Notations] 

10 [ — Source drain diffusion layer, ] — A semiconductor substrate, 11 — A LDD 
diffusion layer, 12 20 [ — A part of 1st mask layer ] — An insulator layer, 21 — The 
1st mask layer, 21a 22 [ — Sidewall mask layer. ] — The 2nd mask layer, 23 — The 

10 layer for sidewall masks, 23a 24 — A gate insulator layer, 25 — The layer for LDD 
sidewall insulator layers, 25 a — LDD sidewall insulation membrane layer, 26 [ — Gate 
electrode, ] — 30 A capacitor insulator layer, 30a — An embedding wiring layer, 31 31a 
[ — Plate electrode, ] — A bottom gate electrode, 31b — A top gate electrode, 32 33 
[ — A contact hole, MN / — A storage node, PL / — A plug loss, ES / — A dirty stop, 

15 FC / — A fluorocarbon layer, B / — Retreat width of face, H / — It dents and is S. / 
— A proof-pressure fall part, X / — A substrate should scoop out. ] — An up 
electrode, R1. R2, R3 — A resist film, CHI, CH2 
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[ 0 0 3 7 ] ±iHO*«W©i|£«Jfl:S^it®«^5^j^jj;^ 

':^<of^X'^^m^m,x%umm\zus^xd^^ii^. ma 

^omi^&UU-^l&T Ts'^i; h 3jx — ;ni p t ^ 

<^ X ^ > :fe U Ti« ® X-T $ -fr-S 

X-TiSt UTtt, E C R (Electron Cyclotron Resonan 
ce) ^-r:/, I CP (Udnctivcly Cooplcd Plasna) 

T ^ ^ . 
[ 0 0 3 8 ] 

[ 0 0 3 9 ] ^ 1 ^tipff^^ 

m^^i\z^r. ^m^miSLi 0 ^\zmmhft\,^uos 
^^>'^:^^fs.Ecym=i'iAmf$.^tix^r^. ^o±mt: 

^Tiyt^it'^ U n >ii^ ^ii^^mm 2 0;&tj^fiJt$tlTli 

^. ^iij^2 0 icfjif^^^s^ 1 o\zmri>u>^^ ^ V 

iJ^EI6©3 0 a^«ii»a*tlT* 0, ¥»#S«10C: 
U T S . 

[ 0 0 4 0 ] 3 > h ^ jp® 

1 0 0 4 1 ] £4Tlw. ±iB©*||J£j^J|<3r)i|£|9«:$|B© 



1 1 

«Ji:3&i*J'OUTBRIS-r Sf, H 2 (a) ic^fJ: 
^\z. fl»J;?t*dr'> U u 1 0 H^U&v^ 

3 -fr , U >^ n — * X !y 5^ ;t 5; 5^ ^ i: t ,fc 0 5|i jg <t 

uTi^»ii 2 0 *jE^^T«i. ^icttftK 2 0 <o±m\zm 

A tiJ^BE C V Di* J: 0 xl^ U v U 3 > $rli^ $ -^^ ^1 
•7;3;^jg2 1^JJ^fi£r'5. ;^CtC^l^Xi5'®2 1©±S 

S! 2 2 2 SJE^rit-r^. ;^cic« 2 >^ Ji 2 2 © 

±@{CWv;^h0«:^^U. ^«JAtdr4 0 0 nm<i)<D^l 

[ 0 0 4 2 ) A\z. m2 (b) ir^i-i^ic. mxit-^ 

if :^ h a >:^^<D3Lv ^ > '^^MiZX U X hmR 1 

ai$-fr«»^13>^^^3|% — ;i/CHl«:Jfl2VXi^JS2 
2ifilO"r'5, ;*c»c, us^:;^ h JKR 1 SM^^r 
[0043] :k\z. 02 (c) tc^-Tct^tr. flajAf^^ 

<t:->U3>€:«aCVDj*irT^2V;^^»2 2&)C/^ 

1 3>^i^ h3i>— ;i/CH 1 t^^^±m\zw,mvxmm-^ 

t0044] 'A\Z. m S (d) lZ^-r«k'5ir, 

^?®2 3 a$:i^j5)cT^.''y"-f K'i^:*- — ;i'^X^7B2 3 a 
<OJgfi!cJC<t 0 . 3 >^ ^7 h *«»J A 2 0 0 

[0045) ^iz. S3 (e) ir*-rj;5tc. mxiitE 

C R :f <D Ji y ^ > if mm \ZX m 2 -7 7. ^ m 2 2:feJ: 
;i'^Xi^B2 3 a^-^T.i^lZVXJiy^- 
>i^*ffVi, ffil^Xi^Jl2 1 *JtfibTtfe»K2 0 S 
n DS«^ 2 0 0 n m 4» (3^16 2 n ^ h ^ 

-;i/CH2^gin-r^, 

[ 0 0 4 6 ] ;*clc. g|4 (f) \z^-rJ:^\z. ^aiAti^ 
i^^hn>^it05Xy^>i^SeKTtt2 0 0 nm<t><0 

mom^m-r^m i*7Xi^B2 i*-7:^i?icuTx-;^ 

ai$1tS^2r3>3'^^h ^-)VC H 2 2 0 11^ 

o-rs- m 2 ^ JB 2 2 ^ j:t;ij'-f F * 

JB 2 3 a (tIfefiklK 2 0'^<0^23>^i^ hzr^-;i/CH2 
<D^DX^:y ^>^^^I^^JCX>y5^>5'^^^-r^*^. * -5 

«^ 2 3 > 5^ h C H 2 P 

bT:fe < . 

[ 0 0 4 7 ) AlZ. 34 (g) \Z^r^'^\Z. 

CH 2 ^^mtbih/uXf^ 1 -7 7.i7 m 2 l±M€::^MJCtt 

3 0 $9l^j£t-^. 
[ 0 0 4 8 ) Ji^^K. m^\tE CR^^ :f<DJLv^>ifm 
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;i/C H 2 j*3t::«i*2^^n, ^mi^mw, 1 0 \zi&mr 

mx^i2 0 0 nm<i)OS^Wr^«l«6i^^5^EISB3 Oa 
[0049] ±E0«ill^i^2O'N<Dm2n>i$'^h^- 

;i/CH 2 ©^nxa»c*5UT«. ^B 
10 tp<Dmuifi7'-nf&^tf3,'DXy— ha«^c£©TJBE 

WI8<2>^ji;0<^^$nT:fe 0 . mm a - h U ^ ^ 

ficuic<vi. *fc, ^i'Txi^JB2i*€e3fe:*rfe®v 

20 X -y h T'Ti ^ P ^ & ^1 ^ 3® b < 

PS*^-^, v-f ^ n n — > ^^|g:-^x *y 5^ > 
h»y7?'73:^cD3>r$'^?h2|^-;^iiP^A«)3^^i, gE«0 

[ 0 0 5 0 ] ^fc. 2 =3' ^ h 

<»iibTU*^©T, ^ 2 3 >:5^ h C H 2 ^ 

30 S^^J-tc^^c^T^ea^^Ti^^C. -ecD^<7)x-/^;t-;^lcJ:0 

Sait:35i*»C J:nt^. C ®^ 1 t x e 2 1 OS^jl;5t*PteI 
StlTV^S C td^S* ^23>5^i^h3j?-;i/CH2*# 

|J5/U3>^a^-e^^^>3^^fc*^:^©«|s^)i^^KllB3 o 

[0 0 5 1] }^±(DXo\z. T^mmmmiz X 0 ^ 7s i7 m 
$nT*t>, iBift® '> 3 — h -^x *y ^ > ^x> y 

E«(7)<iimii^?i«b)t»lHB3^3 >i$^ ^ h 

[ 0 0 5 2 ) &.T\z. jf^Mmmmt^z^^-f^mmm^mm 
50 . ^^mi.xmm'r^. 
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s 0 ai}imtbj2<^nx^ 0 . ^mi^^^i 0 \z&mLx 

[ 0 0 5 3 ] i}^i>^^^mi^^mit. n>^^ ^ h^-)V<0 
m<Di&,:Ki)^^mt^ nx ^ f) . EI6<d$/3- k^x^ ^> 

m:^m\z^\.^xBimri^. ^r, me (a) iz^r^o 

IZ. v 'J n 1 0 JiC, m^\^u\f^ h ^ 

Kft:->U3>^^flECVDffiJCJ;r)iW7 0 0 nmO mm 
xmmtSii:. 'J y a - ^ \,^\tJ: y 9" y ^ ^ a ^ 0 

¥m<tvxmmm2 o ^m^-r^. ^A\zmmm2 o (d± 

m \Z «JEE CVDj£JcJ:03}?U>"j3>S20 OnmOBt 

^ 7.^m 2 1 <D±m\zm&c v umiz^ r)m<ts^ o :j > 

^ 2 0 0 nnKDmrnxmrn-^it. «2 >>^^^JB2 2 

^ t* . ^ 2 X ^ m. 2 2 <D ± m.lZ 3 - ^ - * ffl lf> 

T US^;;^ h 6 0 0 n m(©J^IPT^:^& X 4^ >- ^ x 
7"y/'?-K:J:r)400nm«O^li3>^i? f.:i}^-;K;r) 

[00553 'A\z. me (b) tc^^ct^ic. -^^^h 

C LT 2 0 0 nmxy $ff|,», ^ l -7 X B 2 1 

*«tii$-&«^l 3>^^ H2J^-;^CHl$^2^Xi^ 

m 2 2 \zmnT^, ;i Jifei5^»> > 7 D~:3^^<z>7 y 

C00563 3feic. B6 (c) JriK-Tcfc^fc. ttft:s^y 

u >^MflE CVDj£{rT^2"7X^H2 2 1 3 > 

m-cmmts-^. jt — jv-rT.^ mm 2 s ^j&^t 40 

[00 5 7] ^AiZ. 07 (d) lC^-r<t^tC, ¥fT¥« 

:^^<Dj:y^>if^m^zx'i)-'i K * -;pvx ^ M® 2 

3<©X':;5^/^-/^$:l 0 OnrnfrVi, If-f — 
:?^i'»2 3a*^fi)ti-*. 1«!>*-;P-7X^^B2 3 

[0058] }k\Z. m? (e) IC^-TcfcDlC, E CR^ 
:/OX y ^ >if^iBt-T» 2 VX JB 2 2 ^^Zf^^ 
Hr5r* — ;i.vXi^»23a*-^XirfcUT200nmX 50 
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y^>if^ff^'^. m I 7.^ m 2 1 ^Mmvxmmm2 

0$:«fcb$1*-S. IS PSW 2 0 0 n m <^ CD^ 2 3 >3^^7 

[00593 @8 (f) \Z^r^o\Z. -7 

U >:^^(OX.v^y {f^m\ZXm 20 0nm<f>©§iPg 
*^-r^^l-VXi^»2 l*'^X^r|cUT7 0 0 nmx 

y^>^^fi\^^. ^mm2 0 ^nmi^x^mi^mwii 0 

€:«ai$'fr^^2n>^^ H3}x-;pcH2^|feii^j^20 
tCiin-r*. SityU3>;6>e>;a:*m2TXi^jS2 2fe 
10 HC7:j--;P^X^rJi2 3 altmmm2 0 -^(Om 

[ 0 0 6 0 3 'A\z. ms ie) \z^r<i:z>\z. z^O 

^ >^nmcvDm\z^om2 ^^ hn^-)vcH2 

l^*«^6ii.^T^l'7X>>JB2 1±ffi*^ffi^C 2 0 0n 

[0 0 6 13 ^IC. ECR:$^^y©Xy5^>:J^^@|cr 
^m\Z 4 0 0 nin©X!y^/t?/^*ffli, ^2 :n > ^ f? 
h^-}VCH2\^\zm^\i^^n. 1 0 Klfttt 

■rS|«l2 0 0 nin<f)(Dg€:Wr'5«Je>i^;&.ffiia®3 Qa 

0«Oiei:UTtt, ^JA tffli«e>i^J5^iE«B 3 0 a ®Ji 
[ 0 0 6 2 3 -teolfeMkjK 2 0's©^23>iS^^ hij^- 

;i<cH 2 <r>mu:Lm\z^\i^x\x. mi-TT.i/m 2 iitm 

tB 8<J ft S ^ it u g >^ ij 3 ><D if -r k l> :t — ;u t X 

^ M ^ i^\i^mj&x $> ^ <Dxm am(om^o^mfi^^ 
mtstix^t) . iRMkz^ 3 — hua^^\^mzviz< i^. 

«l'7Xir»2 1 *€E*:frfe©^xi^ JHck 0 
Yb-r^dt^tollg-c, ^2 3>r^i7h7}N — ;i.CH2<07 

^DD — > ^^:||^X y h y ^ U ^ <D H 

[0063] ^ft. ^i-7x^®2i o^jgifiiifimtsn 

Tli^Ctd^e, m2Zl>:$^^h^-)UCH2^^Vi^ 
U 3>3i2:T«^e>a^fc*^:#0«^6ii.*EiftS3 0 CDJl 
J9Sa&5lE:^^J:r) hWML^tVX h zi > ^ i; h^-'ju±:^ 

[0064] &.±(D^^\z. ^mmmiz^o^y^i^mo 

nT;60, S.»<DSyB-h^31y^>^f7.hyZr<D±C 
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[ 0 0 6 5 1 mmm 2 

9 ica^-r. 1 o±i'H5kU3^i^mos h 

m2 0 \z\t^m(^m^ i 0 ic^-rsn h^-ji^a^ 

3 0 a *tai«)i^*nT*S D , 1 0 KlftttUT 

[0 0 6 6] j5^J5>-6¥«^*c^@tt. 3>:$^^hJi^-;KO 

Oy^SfflJfelL.;^!:. E « O M 1^ ^ ^ « « 1/ IB 35: 3 > ^ 

[ 0 0 6 7 ] £^TtC, ±ffi<3!)*l|j|fe«iyfl!)¥»*i^fi<D« 
ig5&j£»rt>ViTSi?8r«. *"r, BIO (a) IC^TJ: 

5?;:^^7S:i:(D^^$rffi^fi!t Ufc^. d 6 © IR^^ * Ift « U 
TBft-ft V U 3 >*«JE CVDj*ICJ:DJft7 0 0nm©Bt 
IP Tf it §1 u:7n — **irittx^5'nyi^;fe^lcj: 

±m\zmBECY umizj: o^o z^v u >^mmm i <om 

^•fcOfeWV^l 0 0 n in©JKJPT«l«$1*:, « 1 ^ ^ 
JS2 iS^B^^r*. ;*:JtfiliT:^^^Ji2 1 <D±mizmj£ 

CVDi£{r<^0S<t>'U3>«r2 0 0 nmCDlKJPT^St 
^ 2 t;^ ^ ® 2 2 €r JE^jsR-r ^. ^ 2 V ^ Jg 
2 2 OJim\za — ^ — ^m\f^XUi^7. hKSrB 0 0 nm 
©KiPTm^b, 5^ y fc<fc 0 4 0 0 n m 

too68)^ic,sio (b) ^z^-r^o \Z. -7^^ 

hn>:^fiC®Xy^>i^«iBlCTUi^Xh|gRlfeTX 
^lCbT2 0 0 nmX-y^>^S:fTVi, ^l'TX^)i2 

i^B 2 2 icMP-rs- ^ic. jft^^^z >7 n-:«r^©T 

[0069] 010 (c) \z^-rjio \Z. ^{t-> 

U3>^MEECVDj£lCT^2^;^i7®2 2&tXmi=i 
h^-JPGHlrtSr^lfJwftttbTl 0 0 nm© 

•r 

[00 70] 5*CtC, 011 (d) IZ^-r^O iZs ^ff¥ 
«^^OX^/5">ifSefcT1J--f KC?*-;!/ -7X^7 IBS 
2 3©Xy^nyi^S10 0nmfTVi. •t^-fK»:^:^•— ;i/ 
'7Xi5^S2 3 a^ff^^t^. ^-i H^':t-;i'^X^g2 
3a<DJ^BfclC^r), u>!$'i7hJt^ — ;KDSS:l^2 0 0 n 

[0071] ^Kl* 011 (e) iC^^-r^^lC, ECR 
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:f(D:x:y^>ifmm\zxm2^7.i^m2 2^^zS'^ 
-f HC7:i--;U^X^S2 3 a^r^X^lwUTl 0 0 nm 

20^«a$-a:^v ^PSJW200nin<i)(D^2n>57 

h3^-Jl'CH2S:liD*rS. 
[0072] 'A\Z. 012 (f) ICi^-Ti'SJC. -7^^ 
hn>:^^<DJiy'^>^^m\zXltf02 0 0 nni<f>©^P 
SS: -5^ lVXi7Ji2 1S:^X^ICUT70 0 nm 
X-/5^>y ^fxVi, 3te«JIS2 0 SrJC® UTi|£«flcS«l 
10 0S:»tH$-&'5^2 3>^i^h2|^-;PCH2 $|&{»lli2 
OtPPT^o ^<t>'Un>;5^6;^^^2^X^jB22 
;fe J;tXlt-f HC7:*-;i^^X^Ji2 3 a (^il^lt^ 2 0 '^O 
a52n>^i^ h3|^-;i'CH2<Di8axy^>iftl^^c 

m 1 ^ m 2 i om A^^^\^^<r^z:tf)^x 

^ 2 3 h 3fc-;i^ C H 2 <0S P€&® JlS^O* 0 «: $ 

t0073) A\Z. 012 (g) \Z^^^^\Z. #U$^' 
U 3 > CVD^^3J:0^23>5'^ h C H 

20 2 {^^^mtbi^/oxf^ 1 ^ 7. ^ m 2 1 ±m^±^\z. 

m 1 J; O%l9VW0 0nm(DJSij9-?JilS$-&, ii 

«^22.^£Cl« 3 0 

[0074] :k\z. ECRi$^-f zf<ox,v ^ > ^mmizx 

:^®tC 2 0 0 nin(DX!y^;'?^y^SrffVi, ^ 2 > ^ 

hi^-)vcH 2 [H\zmtt>i^^n. 1 0 

-r^*^200nm 4» © @ ^ ^ ^ 8e> £ ft JB 3 0a 

©^OX^ t UTtt, #9;^ ti«*2i*BBj»® 3 0 a ©± 

m\zjommmt:mmo^D . fR^y - i^mm^m^i.x 

[00 7 5] _t^©j|fe«m2 0-N.©^2n>5^^^h;i?- 
;VCH2©iiPX@IC:fel^TH, ^1^X^S2 1«#I 
ifiW.ca*itt:*«iKu^ U '>U3>©U--f K!>*-;P-7X 
^ S * ^^«Ij6T 35 © TH P ^© W^©«ii7&«ai 
J|i|$nT:fet)> Eft V 3 - h 7^ ^1 #S d t < V^. 

mi'TX^jg2 iSrt^5l£:^ife©*7Xi5^Ji<i:0 
^■r* d Wfig-C, ffi2 a >3^i^ h3i?-;i'CH 2 ©7 
7.^i7 hit^m^^O 'hfl^'^ z: tifix^. xy^ 

X h f©P p:f^<£ ^1 #e U < C 6 © C 

40 tit^^. j^y ^> ^MvxmM<Dmum^w^ . ^ 

>^ V:^-)V^U^SL<Ol3.\i^. iBft©©«tt*it«l/ 
^clR«B;^{$l£MiajE^«©n V^'^^ h3}^-;i/€rllP-r*C 

[00761 *fc,MlVXi7®2 1 ©«feji*««r«d$n 

^) ::^>uExm^li<hJ^^t^om^^t^^w,w^m^ 0 (om 

^^^©GgiJ^S/hS < Xy ^ Ufe t #©y^ 
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[0 0 7 7] ^m<D:^mmm(o^^i^mm(Dmm:^miz 

D» m 2 •7;^i7B 2 2 OJ^m^^ig^J 1 0 
r ^ C tdt flJigT* IB 2 i5^» 2 2 *J J:aflJ--f H 
-;U'7;^^®2 3 a*Xy^>t5f ^5fe b/5:^<7)Ml-7X 
^S2 10ilPa5®Ma5<DA;«*^$:ckO/h$<-r^^:i;0< 
T^5. z<Ofttb. > ^ i7 h^ — )UO±:^^^\z^\f 

[ 0 0 7 8 ] £lJ:<Ocfc5lC, J: 0 '7;;^t5^ jg® 

tlTiJO. fiBj»©>'3--h'^X«/^>^f;:^h«/yco^i: 

[ 0 0 7 9 ] mwm^ 

eaisic^r. ¥»«=s«iojiic, y-Mfe»K2 

lbd»63a:5:3«UlJ--fK<!!>y-h««3 1, -eOMfilfiP 

]^25a, hmms i(Dmm^(o^mi^mw.i 0 ^ 

t&Wim 1 2&Wf«MOS K^>i?;^5^*«?6^J5lc$nT:fe 
0. -tiOiB^rftftS^U n>36i6;5:^l6»K2 0 AtJgfiK 
^tiTUS. <fei&ie2OJCtt##^S«10c3[)y~>^. 
HU-1'>fi£mJil 2ICii-r'53>i5^^ h3}^-;i/*«liP$ 
tlxno . n>^^h3jx — ;n*itc^Ji)i^^^gei|g®3 0a 
stiT^fe 0 , y-;< • K >i£«[S 1 2 

U T S . 

[ 0 0 8 0 ] d>*^-S¥3S^^fS«, 3 h;f:-;K;r) 
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[ 0 0 8 1 ] lUTJr . ±iS<^*IIJ56«?y ©^^(4c^ec5« 
jg:^felCOUiTgiii9-r«». ^f. 014 (a) fc^fJ: 

K 7<Kfl:ftl'.fc 0 y- 2 4 ^ 2 0 nmOWim 

TJE^fiJtUfclfe, # U U 3 >$MffiC VD T7 1 0 0 n 
m«ISI$-&TT<®y- h«ffiffi»3 1 a^J^fi^U. itCD 
±®lc5'>iJ/;;^7^>>-iJiJ-^ HSTX/Xy^j^Tl 0 On 

TU-v?;^ higS: 6 0 0 nmOJ^mT^:?^b. X. ^ > ^ 7k 
V /'^-IZ^ 0 2 0 0 nm0l86©y-h«a/'?:^-> 

[0082 ] ;^cK:. H14 (b) \Z^r^^\Z. ECR 
i?'<:/(^x>:;^>^^e{3TU>?;^hi^R2^'=r;^i^t 
IxTiffll^?*— h«g|9J13 1 b & 1 0 0 nm, T^l^- 
hmmmm 3 l aSrl OOnm, -ttl-^tlX y^>^^ 
fx vv, T«y- h«a 3 1 a ;fe J:rX±flBy- h«a 3 1 

20 h i)^ u ^ ^ V ^ }i <o y - h mm 3 1 ^ m ^ . 
\z. ntSL^o >y u-:^^<Dr V i^^ — ^m\^^x i^i^T. 

hUR 2^|^*Ufc», 'y-h«S3l*'7y^i^»3Ur 
1 0 »*»»C-f :t >ttA*ff LDD|£»«1 

l^J^fijer^. Aiz. Wt<ti^V :n>^mBECVDm\z^ 
0y-hMS3 l:feJ;tX#^^S«l 0Sr^ffitcS«L 

xua -onnKomrnxmBt-^it. L D D•^^-r K * — ;i/ 

[0083] A\Z. 014 (c) tC^*r.l:d»C. ^ ff 
«:&^©Xu;^>i^ilBtCT2 2 0 nm<D:^Mx«/^/^ 
30 5;47*ffU. LDD1J--r H^*-;i/j|feftK2 5 a ^J^jft 
•r^. ;^tC> LDD1^-f K^7*-;Hfe«tt2 5 aft#0 
y-K^S3 l<Sr'7;^^JCLT^^^S«l 0 ^ ]Z ^ t 
>^AS:fTV^. V->^-KU-f>i£«Sl2^J^fifc-r 
£t±0.fc3IC, y-Mfe«l«24, y-h«a3 

I. LDD-y-< KC7;i--jHfe»|K2 5 a, LDD1£»» 

II. V~X-HU<>4£iS[Jil2^:ir-r^MOSh7 

[0084] B15 (d) Kl^rjiaJC, JiiBT 

?E^fiKU:/:tMos h ^ >i^x^ ^mmvxwt^tz^^j U >^ 

to ^ffiCVDji<C<i:D*^1 0 0 0 nm<^J!^@TitSt$-e'. 
CMP (Chemical Mechanical Pol ishing ) jfe l;i «t D 3 
0 0ninW«f«c:i:K:J:0¥Je(tUTieer7 0 0 nin 

oife»jK2 o^moir^. ;A:tife»iK2 o<D±»K«fE 

cvDffijCcfcO:^u>'U=i>s-i 0 0 n m<omr$xmm 

•^it. ^l^X^g2 l^Jgfijt-r-S. ^^Ctmi-^Xii^l 
2 1 ©±JIJC«JBEC VDiSfetcJ: DSgn:>'iJ3>§2 00 
nm©KJp-C«||l$-e-, m2'^7.irm2 2^m^'9'^. 
[0085] ^t, @15 (e) \Z^r X^\Z. m 2^ 
Xi7Ji2 2 cDiiStn-^'-^^liTU' hlg* 6 0 
0 0 n inOK®-ri&*U, xc%^'>TX5^y /'^-JCJ; 0 4 0 
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0 n m 4><Dm 1 ZJ > ^ if K2j?-;K©l8PA3^->{r/^^ 
-z:>^UT Ui?;^ hlSR 1 Sr^^filfr ^. '-k \Z . ^ if ^ 

i?»CUT2 0 0 nmX»;;^>iySrfT^'^. ^ 1 7. i7 m 2 

[ 0 0 B 6] :k\z. SI 5 (f) ic^-rJ:^!::. 

K^^UfcSb, 3g^'> U 3 >*«mc V D j*J'Tm 2 
^JB2 2 RtXm irJ>^i^h2^-;i.CHii^$^®i::tt 

7.i7mm2 3 'A\zW'ff^^:^^<ojLy^>i/ 
sialic T-y->r HC?*-ji^^;?;i^^Ji2 aox^^/x^/i^ 

SlOOnmfr^i, tf-fH ^7:t-;Pv;^i7jB23aS:JE^ 
fiJcf^, -^^ K'>*-;i/T;^i^»2 3 aCD^fiJtlCctD. 
3>i$^^ K*}^ — ;KDS**ej2 0 0 nm0lC$l^*6^Cltd« 

(0087] ^AiZ\ H16 (g) lC^-rJ:5IC, ECR 
r$7^7^cDX;/^>^^eiCT®2v;^^©2 2^J; rXiJ- 
-r F^:t-;i'"7;:^^e2 a aSr*7;:^^7tcUTl 0 0 nm 

2 0 $ fll;m IBP@i|ie|2 0 0 nm<t»(D^2=]>^ 

^ h3}^-;ucH2^iia-r^. 

[0088] :k\Z. 016 (h) IC^-r^t^lC, ^i^:?^ 
h u>:^^OX.^y9^>ifmmiZXm2 O 0nin«i»OilP 
g*Wt-^^lVX^^»2 l«:-7Xi^tCUT7 0 Onm 
X>y^>^^ffV^, «fe«0 2 0 $ JTM UT¥^^S« 1 

otfjoy-;^ • HW-f >JZ;»@ i2*«ffi$-fr^^23 
>^i^ h3jx-;pcH 2 ;6lfeSJR2 0 irMD-re. m<t'^ 
U 3 >7&^ 6 -5^ 2 -TX » 2 2 tKtJ--r K :t - ;i< 
•7:^^)i2 3 a«|felt]K2 0 ^<Dm 2 n >^ if KjK-;!/ 
CH2©iiPX^y^>^^^I^JCX-/5^>^^5fer-5o 
(0089] ^IC, Hie (i) ic^fiiaic. :d«U-> 
Un>:S:MfiECVDj£lZJ:Dm23>i5^^ h3j^-;i/CH 

2 ivx^B2 o o 

[0090] ECR^-Y Zf(DJi^y ^ > ICT 

i^M{c 2 0 0 nmc^X^:/^/\-»y^$:fT^i. ^2=i>^^^ 

v^^-r^cn2n\zm^iL^ri. 1 0 icsi^ 

-r^»^2 0 0 nm0(O«l$^*r^«Be>]&^i2ftS3 0 a 

Cc^)^<DX@i:UTt3:. ^ ii 86 * E i» ® 3 0 a O 

[ 0 0 9 1 ] £4±O:4s:|gM««<0¥«4^Sgfi<D3&ig;&i£{c 
- )\^(r>^Xtl^^U^t\X^^ . fifi»©>^3 - h^x«;5^ 
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3>^i7h*Wrs. MO S h ^ >i^X 
[ 0 0 9 2 ] W l ^ ^ i 4 

4«:^l>T«^ricSn;t:i5U'>Ua>©Tffiy-h«a3 

1 ^ ^ ^rs ^ y ^ 7.7- ^ -i Kco±<ffly--Ki|g3 
ib*^i&;^^3j?uit-rKoy-h®g3i. -ecD^^eu 

10 JBI25a. y-^ h^HS 1 OpQfi!iSIS<Z)^«^S« 1 O'T' 

Jc?^^$n;tLDDSSit®i i^«t:rXy-x • KU--r>' 
Sfilitei 2SWTSMOS h^>>?Xi5'd«?^filt$tlTfe 

0* -e©±Ji«K^->y 3 >3&^6ft:5^fe»ie 2 0 dtjgfijs 
snri^s. I&I»J8I2 0 1 0 <z>y-x • 

KU^>J£ft®l 2 irM-r -5 3>^$^^ h2t^-;UjdtilP$ 
tlTC^^. 3>:5^^S;Jx-;Prt{C«i«6i^^nTy~X- 
KU-f >1£«B1 2 tCfi?ttUTW«««>ai5^EttB 3 0 
atlBlTXi^Ji© — 652 1 ajft^^Jai-seft/- K«S 

20 nz/^tltmi^2 % . :fe J; rX3j? »j u 3 ><^y h 
3 2 iit^^^^ nu^i^mi^%nx\^^. 

( 0 0 9 3 ] d^*^-5¥«#:«fitt* 3>^i^ hsK-;!/© 
^i^t'^mU^nx^ry ^ E«<D 3 - h ^X 5^ > 

nx€r»il»U/t. iB«(tD@ffitt$««U;l^ttlBl7&l3tt/ 

[ 0 0 9 4 ] RTIC, ±ia02^:g|Jg«B|CDa|£^fl£^jB©fi 

is:^feic':p i^Tittg^-r ai8 (a) ic^-rj: 

aic^ IIMiw 3 J: D hl6»lli 2 4 , 

30 y-hmS3l\ LDDI^-^ H-S?*-;Hfe»JK2 5 a, 

LDDti^ftsii, y~x-H^-r>i6;«:JBi2^wr 

^yiO S V ^ > V Ts^ ^n^-t ^ . ^K\Z. MOSh7> 
^ fettai LTKfl:^ U3>$«flECVD34K:±0|e| 
1 0 0 0 n m'©IK»T^5R$^. CMP (Chemical Mec 
haaical Polishing ) &ICJ:t3 3 0 0 xwa^M^ ^ Z. t 
iCi:D¥fifl:UTfig07 0 On m(D«fe»lK2 0 *Jgj«-r 
5fc»Ct6»Jgt2 0<0±JifcajECVDjafelcJ;r)3^U-> 
y3>^2OOnm<DJi[0-C^IR$-e:. %\^7.i7m2 

i^^^^-re. ;^:J3^i-7Xij7)i2i(^±®t-MffiCV 

40 D&IC^OSgft:->U3>:&2 0 0 nm<Z)jgJ9TJi©IS 

ffi2-7X^^Ji2 2 ^Jgfit-r*. ;^IC, ^2VXi^JB 
22©±JiC3-^-$ffiV^TU'i?XhlK*600nin 

(Omnx^^X^ . x4^e/VX5^-//^ — r3j;040 0 nm 

<f><o^i 3>^^ HjJ^ — ;i/Oiip/t^->jc/'^iS^ — x> 

i!^UTl/'$^XMlRl*JE^fife-r*. 

(00 95] ^IC, B18 (b) \Z^Tii^\Z. -^if^ 

vuy-}3^(n:£.v^y ifm.n\zxv^j7s m^r i Sr-^x 

^ICUT2 0 0 nmX-/^>//S:ffVi, ^l^X^^ga 

i*flim$-&s^i3>^^h*-;i<CHi*^2-7x 

50 i^JB2 2lcP8pr-5.3fclC,i[i«[y»>>:7D-:35rit®7 
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[00961 A\Z. BI18 (c) lC^-r.fc5JC, ¥ff¥ 

^:^^<ox.y ^> ^^m\zx^^ Jt-ji-^T.^ mm 

2 3©Xy5^n-/^$l 0 OnmfrVi. t^-^f Kr>;r-;U 
S aOm0t,\ZJ: 0 . 3 > ^ N 3j;'-;i/C!)fi| 2 0 0 n 

[0097] ;*ctc:. 019 (d) \z^TJ:v \z . E CR 
^< rox y 5=- > i^^lHI'T® 2 -^y^ « 2 2 ^J: aft^ 
^ K»;7:t«-;P'7X^JS2 3 a^^:^i7R:UT2 0 0 nm 
X^y5^>>fSrfTVi. ^1TX^S2 1 $jrffiUT|6»]^ 
2 0^«tB$-Br^,.|iD^#«l2 0 0 nm0CD^23>^ 
i^h3|^-;PCH2*IBP'r-5. 

[0098] ^^K:, ®19 (e) ^Z^T^'^lZ. -7 if ^ 
h n >:^^ox >y ^>^^®lrTiiK;2 O O nnK^O^P 
^^mt^mi'^X^m2 1 ^ izVX 7 0 Onm 

Xy ^>if Srff Vi, lfe«IR2 0 *jrffiUT¥«#:S« 1 

0 ©y-x • K K >J£SSr» 1 2 ^mmts-^^m 2 :n 

>^ ^ h^-)icH 2 ^mmm2 0 \zma-r^. ^<t-> 

U3>j&^e;&:^^2'7X^®2 2;fei:rX-t*'-t' H^7;a- — ;U 

» 2 3 a )^llg|tfil 2 0'N.®®23>^^ K* — 
CH 2 ©Spxy 5='>^^i:RWf lIXy ^>ifH^^-r«. 
[0099] ^iC, Si 9 (g) \Z^rJ:'D\Z. :i?Ue> 

Un>$MflECVD&lCcfct)^2n>^^ l-3j^-;i.CH 
2 l^*«l^^)Ji^^?^g i'7Xi^Ji2 iJ:M*ifeffijci oo 

[0100] 5*CJC, 020 (h) IC^-rJ:pC. Si&ii 
*iElftB3 0O±Blcn — 3^-*flil^T^i?x MR* 6 
0 0 n m©ffimTlfe^(& U , X 4=^ 3/ ^ >^ 5" 5^ — |C <t t) 1^ 
2 0 0 nm<f)®iE<Sy - HMS^'t^^ — Vtr/^^ — X>i^ 

[0101] ;*ck:, S20 (n \z^r^3iz. ecr 

:5^>r :/OX2/5^>if^iBK:TUi?X MKR3*'7>^^^lc 
UT3 0 0 ninX-;^>^$:fTlr^. Misbi^^mmm 3 0 
a ;fect CX^ 1^X^®0— aS2 1 aA^6;&«», m 2 00 

[0 10 21 *fl:'>U3>*«JBECVDj£lCTe 
1fiy-KmaMN*«abT^M»C2 OnmOl^^T?^ 

/'i>^^^^mim2 6 ^m^Lv. ^<D±mizn 
£EcvD&iCck03i?u->un>$2 0 0 nmommxm 
T^u- h««3 2 sjg^u, Biytc^-rwit 

[0 10 3] &.±<D:^mmm<oi¥^^i^^m<o9^m:f3miz 
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fH« y - H n ^7 h Sr^r ^ . MO S h 7 Vi^y^^'^R 
[0104] ^ g ^lifeBgi^ 

m^m 2 1 \z^ro ¥#<*:S«lO±lc0^L;felr>MO 

i7«2 iti^mat^tixi^^^. «&ftjsi2 0 i -rx 

^S2 irctl3|i«^s«i 0J'^-r-5n>^^^ h7}>~;i. 

[0105] -5 zr > ^ ^ — ;i,^r> 

20 h * Wr^#^#:glBT*S. 

[0 10 6] KKT\z. ±m<o:^^mmmo^m<^mmo 

«ffl:«rj*fct3lriTSl9l!-r«. B 2 2 (a) IZTPiT 

Xo^z. ^J^lfv U n >¥^mi^&iR 1 0 ±JC. Hii^Ua: 

» ^ -a- . U :7 D — afe 5 iMi X ^ A i: J; 0 ¥ a 

UT«fe»M 2 0 $ji^^*r 'A\zm$km2 0 <D±mtz 

^JAt^MffiC VD&lc<fcO^<t>'U3>$iJ^l 0 0 nm . 
©j^m-C^IIS^-^. ^ 1 •7>^ JS 2 1 S:J^fig-r-5o 'AtZ 
30 » 1 2 1 cD±»jc:<»j^tfttJBEC VDfei:ii: 0 4? 

U U =1 > 3 0 0 n nK^m^Tf iiSf^-e-, ^ 2 X 

^ m 2 2 ^m^-r^o 'A\zm 2 7.^7 m 2 2 <o±m\zi^ 

i^T. hJR^m^V. A « 4 0 0 n m « co^ 1 n > ^ 

R 1 ^jgfife-r^. 

[0107]^IC. 022 (b) ^^r<tolZ. VVTs 
KJKRlS-TXiS'fcbTRIE (SJS1t-< :^ >X y ^> 
i^) ;3:^®xy^>^$ffi,i, »iv;^i^B2i*«ai 

$-&S^13>i$^^y N^~;i/CHl*^2VXi^Ji2 2 

[0108] ^A\z. 022 (c) ica^-r^fc^ic, mx\t 

S U U 3 >*«EE CVDj5fe(CT^2^Xi^Ji2 2X1^ 
^1 ny^ K^-;i/CH lf*3*:fe®Jc««bT|5il 4 
0 n mOj^i9T«%|$-&. Tt-JXf-^Ts^ mmz 

3 ^j^^r ^. 

[0109] ^JC, 023 (d) IC5^-r,k^lC, «l8;5ltf 
R I E;5:foM:^ttxy^>^fcj:r}iJ^^ jir^^^^-^i,^ 
;^i5^ffie2 3cDXy^;x*:/^:£frL^, — 
^ a 2 3 a $r JfiffiJtr a. tf^ K^7^-;i<'T>^i:7®2 3 
0 aCJg^KtCcfcO, 3 >^i^ ;i/CD:g*^Atf#?F 1 2 
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0 nm*IC3»«e)S;itA«T^^. 

[0 1 10] 02 3 (e) \z^tJ:o\z. m?i^i 

J: iXiJ- -i \iO^-)\^^7.^m2 3 a^-^Ts^iZLXJiy 
CDa&^STlSPSlWl 2 0nm*t>(Om2Zl>^^h:^ — 

;ucH2*^p-r^»o 

[0111] ;kiz. S 2 3 ( f ) \z^'t^o\z. mxkt 

E CR^^ '^(OX.-j^>ifmm\ZXX,y^>{f^fT\f^. 
m2^7.^m2 2^^X^^-( :t—)V'^7.^m2 3 a 10 

[01 12] :k\z. B24 (g) xz^-r X.o\z. mi^ 

7.i7m2 1 ^-7 7.^7 \Z UT« A«E C R ^-f ^OX y ^ 
> ^^StCTlfeftJS 2 0(Di^tf^TiePU;^«(|l 2 0 n 

m<^»<D|iP^2rW"r53>^i5' K3l^-;i/CH2$:OX-/ 
5^>i/S:fifctt. <feSm2 0$jriiUT^«<*^S«l 0* 
SmSS-^^m 2 ZJ >^ ^ S7|^-;i/CH 2 2 0 K 

18 p -r ^ • 

[0113] ;k\z. 024 (h) i::^-r^^l3, mxit 
;}?U>'U3>^«jBECVD&JwcfcD^23>^iy hzlx- 20 

;^CH2l^*««)i^^Tffil^;;^^^«2 i ±m^±miz 

[0114] :k\z. 024 ( i ) ^ -r <k -5 > «»J A 
ECR:5'-r:/OXy^>i?^^®tCT ± ® X y ^ n y ^ 
^ffVi, ^ 2 3 h4^-;i.C H 2 »C«i«>ji^tl, 

I o \z ^mt^. mx it t 2 0 nm4><Dm^ 
[ 0 1 1 5 ] ^rc. mtbiL^mmm 3 0 acDjigtc«ai;i 

«:j?U '>U 3 >**ft«$-&. A^ — x>if UT±a5«S 

3 3S:J^^U, 0 2 1 JC^T ¥^^*^S^ig^?^fiJfr -5 C t 30 

3 3 s«^filUTi>s. ::®m©xie^ UXti, «^A«Ji 
[0116] ±ia©l6»Bl 2 0'v®^23>i^i^ h 3j>- 

;^CH2(0^pxg^::^v^T«. vxi^PS:2»«iiJc 

$ ;^ d t ^ H Pa®^©l£:;^^MSP©^ii;6tjp^$ 
fc, ^ 1 •7;^i57lf 2 1 $«£5l55^fto-7X^Ji<i; 0 »ii[{t 

r ^ C t nrtBT. IB2 n>^ir h:jN-;i.CH2 ©rx 

h !y 7^3^ f COUP ttr< V^. d tl ^» O C t 

^^6, X!y^>y4'S:ffiL'T«0^OiiP€l*^'&. v-f 
i?DD-7*-<>^Sa«^xyf^>4^Xh!y:/;&:if©n> 
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[0 1 1 7] ^fc. ^i-7x^?®2 1 0^mi)^mm-^n 

^Dxs:/h$<spi!iTsc:td<T€r, ^mi$^mwL^zMr 

mm<o±m\z±mmm^m^-r^m^hs y^^oxd^ 
^mt^nx\^^^(Dx^§^\zm^'r ^ z tj^t^x^ ^, 
io 1 1 81 sK±<oj:^\z. :^mmmm\z^ 0 ^X 

a*02 5ic^-r. 0 ±\z. hmmm 

2 4^^\yxmaitirift^v z^^j a xDTwy- hits 

3 1 a ^XZ^^ > if 7.^ > 'J -^i-^ H O Ml« 
3 1b2>^6;feS2|?UU*<K©y-hmS3 1. -e<3DpSI3 

»lcffi^J«$nfcttfl:>'yn>c[)LDD■^^-f H!>*-;i^ft 
miSk2 5 a\ hss 3 1 ommwiio^^i^&iR i o 

^'JC^filcStl^SiLDDSSifclil l;fei:tXy-X - KU-f 
>iStfcS 1 2*.^r^MOS h7>i^Xi^;^^<D9!5^35« 

^i&ii^]^2 OTOt^^^^nrv^^. i&ig^i^2 0 iztt^mMa 

^«1 0JCiiT*n>^^ — ;i.;5t^D$nT:feD. 
3>i5'^ hn^-)Vl^lzmtbi^^mmm Z O a ;&t«J6i^^ 

[0 12 0] ;&^*^e¥«#^ft«. 3>i5^i^h3ix-';i/© 
^OU^Tb^m^-^ tlx 0 . Kite© 3 - h -^X ^ > 

74^nx*jp«iufc, mm<Dmm^^n^hftmmu:i 

[0 12 1] ^TIC. ±il©:*:|IMJ^^<04^^^*:^iB<7) 

5iit:^&tc-pi^T^§s-r^. ^-r. 0 2 6 (a) ic^r 

y- Mfe»K2 4 $fE^ritU>5:fi^> ^ffl # U -> U n > * 

(Sj?::^X : SiH«/H,/PHi=0.45slB/10s!m/20sccm. JE 
:^ : 1 0 . 6 k P a , 6 2 0'C) CD^#(7>«JE 

CVDj*T»tii 0 0 n m^St^'&TTfiliy- h«SIBJi 
SlaSrJ^dtU, 't(0±.m\zmK\l^ y^T.'ry^^^}^ 
-i H $: (RJS:^fX : S i H, C I , /WF. = 1 OOsccm/3. 6sccm , ffi 
133Pa, S«®S595t:) CD^fefl^^^ftCVD 
^T|*I 1 0 0 n mii«l$-&TJtfi9y- hmft^JB 3 1 b 
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[0122] ±m^'- hmmmm z I h<o±m\z 

/'^-tctoi^go. 3 5 u nKDmmcoy— h«a/^:$^~> 

CI»/0> =7Ssccb/6sccb *JE:^:0. 4Pa» MiftW^: 
1200W(2. 45GH2), RF/^^-fTXrTO- 
SOW (SOOkHz) , mmum2 ox:) (O^^XU 

[0123] ^A\Z. i^i^T. hmR 2 ^f^^Vft^. f — 
h«a 3 1 I;: LT^#«^^« 1 0^tC<;r>j^ 

ASfrVi, LDDlSlfcJBl l^Jg^r-S. ^IC, 
^{te/Un>^«ffiCVD^|-J:0y-h^S3 143J; 

1 0 *^Mf::««UT^St$-tt. Ty-K 

CHFi/CF4/Ar=40sccB/40sccni/800sccn . JBE ^ : 2 0 0 P 

a, /ijfttt!:^: 500W (2380kHz) . S^jta? 
sot:) 0^frTXy^7lyi?SrfTVi, LDD-y-<K'i7 
a^ 2 5a ^mi^^^. LDDt^-f HC? 

*-;p«^«iS2 5 aft#©y- hflia3 i tcu 

X4^^fl5:S«10tf'lC'<^>^A^ffVi. y-X- 
< >fiSl[Ji 1 2 ^ffi^filc-r-S. ^J:<DJ:^JC, hlfeg^ 
K24, y— h«a3l. L D DlJ--r f! '^^ — ;i/i|fe»JR 
2 5a, LDDlfitfceil. V 7. • K^'f>iSttjgl 

2S:W-r^Mosh^>>?x^i?^fiE-rs» 

[0124] A\Z. BI26 (b) iC^fi^tC, ±IE<0 
^J^ tfft^v- U 3 >^flirffi CVDSSKiDtteOOnm 

jc<t 0 ¥SitUTite»ii2 0 s:«^fifcf -5. , t&mm 

2 0 <D±m\zmX^ (RS^fS^ : SiH.Ch/NH. =50sccn/5 
OOscca. EE:t} : 3 5 P a . m^m& 750t:) ©*fr<D 

mmn&cv Dm\zx t)^it>'0a>^m3 oonm<D 

liiPT^^$1i. ^l-7Xi^S2 1$JE^fiK-r'5. 
[0125] ;^Cfc. @26 (c) iZ^-r^^tZ. mi^ 

7si;m2 \<f>:tm\zvv7s vm^^^x^. «iitfx^-> 

— ;pcHi 1 ^ 7. ^ m 2 1 izmnt^. 
[0126] ;k\z. B27 (d) ic^-r<fc^Jw. ^^t^ 

(SJ6:«fX : SiH,CI,/NHi=50sccB/500scca, JE : 3 5 
Pa, S«fift7 5 0 t:) ©^#©«S«£E C VD 

«t0Sffi:'>ua>:&Mi-7Xi^iS2 1 Rr;^ i n > ^ 

h-3jt-;i/CHlWS:±®tC««UTiWl 2 0 nmO mm 
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[0127] 'AfZ . H 2 7 ( e ) {Z^rXolZ. m 
ECR^^':/0JLy^>^^m\ZX^-( K^?*-;!.'?^ 

^©2 3 a^JgfiKfe. If-f \^^:t— )U'7X^m2 3a 

[0128] ;k\z. 028 (f) \z^rxv\z. mx\£ 

E C R ^ ^ ':f (D :ii y ^ > 'tf ^n\ZX I X ^ m 2 Ife 
«tr^tJ--r O )\^'^ 7.^ m 2 3 a^^Xti'lCUTXy 
10 ^>^S:fTVi, H^ISkm 20*JJjfiUT¥«:#S«l 0*» 

• Hw-f>i£«jii 2*flrai$-e-*, mpsi^i 

0. i;/m<f)©^23>^i?h3i^ — ;^CH2$M□•r 

-So 

[0i29]^^cJc, H28 (g) J: ^ I;:, mfL^ 

(Sje:tfX : S!H4/lXPH,=I000sccB/50sccm, JBE ^ : 6 5 
Pa, S«mflfS5 0t:) cO^frOlK^MJECVDitK: 

<fco^2n>is^^ — ;^cH2^^&s^^)J^^T^^T 

4 0 0 nmitSt$-e:, «1 Ji) E » H 3 0 SJ^idfrs. 

20 [0130] 5^<:J3, 028(h) jr^T <t ^ I', ^>iar 

ECR5'<y<DX-/^>>7SiBirT±ffiirxy5^A*;/i7 
^fflri, ^23>^^r hsJ^ — ;pcH2|^ICfl|Je)ii^n, 
^^<4^S«1 Of^'Wy — X- HU'^>Sfi;»JBl2tfttt 
f-S, ^JAf^O. lMm0(OSS:Wr^««)ii^^E«» 
3 0 aSrffi^JSJfr-S. ««e>i^i^KI8S3 0 a 

tt, -eo^ffi**^ 1 TX^ JB 2 1 ©^M©J«$ J: 0 
■n\z:x.v^> ^%nx^^ . St^^ 1 vx^B 2 1 
i?lCffi^-rsy^^nx;0«^^UT^.^-5* 
[0 13 1] ^\K\t^} >^Jk(0^ :z.v V:ii.v ^> 

30 i?^«rJ6U, m 1 -^Xi^B 2 1 ;feJ:^Xlf-r ;Pvx 
^ ® 2 3 a Srl^^r 5 ;i t T 0 2 5 iC^r^iSO^^* 

i&.E«B 3 0 a <DJiS»c±BiBj|&$^fiEU)S: 0 , 

[0 13 2] -baO*lli6?§^ig0^^fl:^g<DSgJg:i^ife 
rc:fel>Ttt, ^l^X^S2i*3<i:aflJ-'rK'>:i--;i/T 
X^B2 3 aa:UT^^>4^X5^>-i5^> if 7.7- > -> U if 
•fHiil^MVi^Ci^T^^. 'gaiAtf (K* 

40 :«;x : SiH, CI/WF, =300sccBi/3sccm: : 1 3 3 P a» 

S«fiS 5 9 5 i3) ©^fr© c vD&iCct 0 

«J6a*EIIS©Xy^/ty 

f::iS'>^^X7^>-:^>^X5^>^yiJ--f KJK^^l-^x 

, ^ai X H, Qt^<DO jiy h ^ > ^ ^ m^^^ Z ^tfi 
[0133] ±e®l6fik|i 2 0'\©«2n>r5^i^ hsK- 

;i'CH2©ppxgrr:feViTJi, -x^x^^B (^i-^x^ 
»o Txy5^>ifa«it^^-r**r»$fflv»«:;itA^^iin 
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piie-e> m2 :3>^ i7 h ch 2 coy hitsr 
[0134] ^ft. mtbi^^mmm 3 0 aom^^izm 

ffl^-r'5]K©cC>^l^XiyJBS:JE^ritL.T^< CtlCJ; 

^i^x^^2 i<^)mji7!)tsp§ij$nTv^^e:t*^e»v ^ 

2 Z2>^ ^ — ;UCH2&^U->»Jzi>^£-CiiJe)j^ 
T-5Ct;&«T^^, c:niCJ:0. ^ I^T ^ 3 > ^ 20 

[0135] £tJioidic> ^mmmm\z^ o . y ^ ^ 

[0 13 6] DRAM;^<!:<DMOS h^'>i^ 

[0137] 2|s:«g8tt, ±E<D||J6®8^1fiJw|S^$n;fe 
Vi. y7X-7X^:/5^>yj*tUT«, ECRrS'-f 40 



[0138] 

[^?«(?!)^M] ^^m\z^rLi:£. zi>^ ^ — 

'i7:t'-;i/^3fiS:^S;&Vi«liSt-r^CfCX^>^>^^^ 

u, e»<o->3-h'^x^^>i?^;^h-/:?^©^i;;&v>» 
[0 139] *^e«IC<fcntf, 3>^i^h3K-;i' 

K i7 B *l^*-r * Jc J: 0 > 

m:^m\z^t)mT&vft^^mi^mm<omwmxib^. 
[02] m2\t^^m<offiimmmmi<D^m<^^m<ou 
m:^m(o wk^jin^^-r mm mx$> o ( a )'«^ i a 

>:5^>^h3)t-;p^U>?;^hMOJ^^XS*-e. (b) 

^l3>^^h3J^-;^<o^□xg^T. (c) Hi?--rK 

[H3] B3ttH2<^J^#<DXi@*^t'. (d) mJ-'f 

H ':7:t-;p^;^^B<7)j^fijex@^T. (e) n^i-TX 

^®^m3i'r^^2 3>^^ h* — ;KZ>^PXigSTSr 
[04lS4«03O«!^®xa^^L. (f) {^i^ib 

(g) tt«iS)ii.i^s»so?s^fi)txe^TS^-r. 

[@5] @ 5 »;$:fSW<DllMI^ 1 ft^^iBCDSS^:;^ 

m\z^f)mj&hft^m{^mm(Dmmmx$>^. 

[06] 0 6 1 <0ii^^{*:S@O»iS;^ 

&(^$ligXg^^-r»rffiST* 0 > (a) tt^l3>5' 

h*-;i.ffi v-:^:?^ hlK®5E^iRxe*T. (b) tt^i 

3>5^i^h*-;K0MDXS^T, (c) 

[07] 0 7 «0 6 ©^^®XS$^ (d) ttiJ-'f 

H':7*-;i/VX^' Ji<3DJK^Xm*T, (e) Ji^l-^X 
i'B«:jrja-r*^2 3>^ir h3|x-;KDliPXe*TS: 

[08]08»07cD|^€roX€&^U, (f) (iJt&igs 
JK*affi-r-5m2 3>a^i^ H3lt-;KDliPXe*T* 

(g) ttfli»«>i2ti!^E«s©«^fiKxie*T*^-r. 
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[09] H 9 tt*^W©IIM«2 ®«ig;5rj*ici: OfiJi 

[010] m I 0 ^tj^^mcommm 2 (o^m^^mom 
^ hJt^-jimui^:^ hm(om^xm^-c. cb) a 

imi 1} mi i\tmi o<om^(DjLm^^C. (d) 
1 :^ i7 m ^nm-t 2 n >^ C7 h^'-)]^(DmaiLm 

[ai2JSl2tt@ll©|g#CDXg^^U, (f) 

■e, (g) tt«a&ii*e«flojE^fitxs*T*^f . 

[01 33 ai 3 tt2|:3^^cr)||;^^ 3 ©fiig^^j^trJ: D 

[0143 mi 3it^nm<Dmmm3(o^^m^mm<om 

ig:^ffi©5$iSXS€^-rWrffiHT* D , (a) «y- h 
Hfi^ Ui;;^ |>i^©j^j5ltX@^T. (b) tiLDD-y-< 
>^ »i7:t-;Kfe»iK^S©3^^Xg^T. (c) «LDD 

K-^^-^PttftBtOJ^IiJtxe^T^^-r. 
[®15>@15«S14<Z)«*©XS*^U. (d) 
VX^JiO^B^fiJtx^r-e, (e) vtmi:3>^^ 
h 2jx- ji/CDgi nx^^-Tf , (f) ttt»--r K ;i- 
i'WOffiJfifeXS^T^^T. 

[®163@16«@i50«tiar©xe*^U. (g) 

xs^T. (h) ««lfe»JK*^^5lr-5^23>5^>:^^ 
*:-;i.©iiPxii*T> (i) \tmr6iL^w.mm<Dm^ 

xs^T^3^-r. 

[01 73 mi 7 \t:^%ma^m.mmA <o9gim.i5m\z^r> 
nm.\.it^m^^mm<^mmm'r^ ^ ^ . 
iHi 8] m\ ^ n:^ftm<ommm A <r>^^^^mo^ 

ifi:^ri* (OHjexS^^-rWrffiST* 0 , (a) ttlg i n 
1?--f K '^^-^PTX^^IKDJE^fiJExa^T, (c) ttiJ- 

< K'^:t-;i.TXi^»©jE^iitxiS*T*3^-r. 

[ai9]0l9«Bl8O|^#©XS$^l.. (d) 

xesT, (e) iiife«^^*mair-5^23>i5r>:, 4 
-;i/©Knxe*T. (f) ttJi8e>ji^^E«jg©ii^^x 

[02O]@2O«@19CD|^^<DX^$^U, (h) 

tt^iSy- K«S^^vXhMo?£^fifcxg^-e, (i) 

[02 13 H2l«4E»e9©^2||Mj^aiO!>«jg5^j£lC 

[0 2 2 3 S 2 2 tt^^ggo^ 2 
<^)«ifi:*rffi®«ifixS*^'rW®B-C* 0 , (a) ttS5 
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(b) \tm I ::i > ^ ^ h^- }V<omuiim^^ . (c) 

[0 2 3 3 0 2 3 «0 2 2 CDXg ( d) 

«1i-<K'i;^-;u-7;^i:7)i©j^^xa^T. (e) «m 

h3i^-;K0linxs*T. (f) tt^2T;;^i7)ife 

[0243 024 «023<^figf(3[)X^<&^U, (g) 
tt^fe^K^Kii-r 2 3 >^ ^ ^3}^-;KD§iPXS^ 
10 (h) tt«iJOi^*E«)l<Z)?§^fitxS*T, ( i ) ti 

« * IE « s o X 5^ 5^ n X e s T i& ^ -r . 

[0 2 5 3 0 2 5 «*%5gcOM 3 ^3S^gjg<D«ig:?& 
J:t)«iiUfc^^#gg®Wr®0-e*-5. 
[0 2 6 3 0 2 6 »3tz%l»(D^ 3 g|M^i|CD¥3^^^B 

©Si&:^j*©«jgxs*^-r»fffiaT*o, (a) vxh 

^ >>?x^oj^^xe*Tf. (b) \tm 1 -Tx^ ^<om 

fitXS^T* (c) 1 3 >^ h ;i.cr)|| pxS 

[0 2 7 3 0 2 7 ttH 2 6 <0«g#©XS*^L. (d) 
20 tt1^--r K^r^'-^UTX^fflScDjE^^X^^T, (e)a 

[0 2 8 3 0 2 8 tt0 2 7 ®a^©XS*i5^U, (f) 

-e. ( g ) ts««e) j2.;^sBita»©?^fijtx@*T. (h)ii 

[0 2 9 3 m 2 9 }t^^m(0¥^m^mm<osi:m:^miz^ ■ 

[0 3 0 3 m 3 0 \tvt^<D^mi^mm<o^m:^m(Dnm^ 
xm^^rmmm^$> r) . (a) 1 n >r5^ h 3j^- 
30 Ji^mui^x hmommxmmi:. ih) }tmi:i>^i^ 

h 4^~JK^^ PXS^T. (c) tt•t^< H 
^ ii CD ^ X g ^ T * ^ f • 

[03l3 03 ltt03O©^€<;!)XS*^U, (d) 
ttiJ-^ Hr>:i-";i.^;^^)H©jgfiltXS^T, (e) 
2 n>iSri^ h:jx-;KC)^nxS^'C, Cf) «««>ii;&L 
K3»ii<OJi^J5)tXi@^T$^*r. 

[03 23 0 3 2 «0 3 0 CDj^^O!JXg^^U, (a) 
ttlJ-'f H^^:t-;i.VX4^HfiDJE^ritxe*T. (b) ttjg 

[0 3 3 3 0 3 3 tt0 3 0 ©i^#<DXg^^rS^i£^ 
0T*D, (a) «:tJ--f K»:7:t-;p-7X^JBcDJgritXg 
(b) tt^2 3>^^ hj|x-.;Ko|8oxS^T* 

[0343 034 «03OOig#(DX@^^L, (a) 
fiiJ-'f H«>:i--;i.-7Xi^)BO0J«XS*T. (b) tt^ 

2 C7 h^-;p©iinxe*T$^T. 

[0353 035 tt034C[)^^<DX^$^U, (c) 

tt«8e>^;5^e«8jg© je^^xms (d) tt^ie>i5,^^E 
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' }i u ^ y^mm . 2 o - t^mm. 2 1 i ^ 7. ^ 

m. 2 1 a 1 "^y^ ^ Ji©-a5, 22"'^2^X^ 
m> 2 3- it-fHC?*-;i^'7Xi7ffl)g, 2 3a-'t>--fK 

•>;t-;uv>^5^p, 2 4 -y- ht^mm. 25— LDD 

yt-)iif^mmmm^ 2 5 a-LDDit^ k-^^ 

-;Hfe»lKJi. 2 6 + 1- A '>^«fe&lS* 3 0 . 3 0 a 
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3 3-±gP€eK. Rl> R2. R3-UvXhlK. 
CHI, CH2-3>^^h3}x — ^P, MN-iEt6y — 
PL-'/^yoX. E S "X y 5^;^ h y FC" 
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